(19) 



EuropSisches Patentamt 
European Patent Office 
Orrice eurepeen des brevets 



(11) EP 1 300 425 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Dateof pubiioatiori' 


(51) Intel 7: COor lO/QO, C08F 4/642 




09.04.2003 BulleHn 2003MS 










Date of filing' 24 09 2002 




(84) 


Designated Contracting States: 


(72) InvCTtors: 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Oshima, HIdeki 




IE IT LI LU MC NL PTSESK TR 


Ichihara-shI, Chlba (JP) 




Designated Extension States: 


• Takaoki, Kazuo 




AL LT LV lUlK RO SI 


ichlhara-shi, Chlba (JP) 


(30) 


Priority: 27.09.2001 JP 2001296464 


(74) Representative: VOSSIUS & PARTNER 




27.09^001 JP 200129646S 


SlebertBlTasse4 






81675 MQrtchen (DE) 


(71) 


A|:^licant: Sumitomo Chemind Company, 
Limned 






Chue-ku Osaka 541-8550 (JP) 





(54) Catalyst component for addition polymerization, process for producing said caUilyst and 
process for pnxlucing addition pf^mer 



(57) There are provided: 

(I) a catalyst component for addition polymerization 
comprising: 

(1) a tifflisltion metal compound having 
(a) two cyolopentadlene type anion 
skeleton-carrying groups, which are 
linked with each other directly or 
through a bridging group, and (b) a 
hafnium atom as its central metel, and 
pi) a transition metal compound having 



(a) two substituted cyclopentadlene 
type anion skeleton-carrying groups, 
which are not linked with each other, 
and (b) a zirconium atom or a titanium 
atom as its central atom; and 

(II) a process for pn>ducing a catalyst for addition 
polymerization, which comprises the step of con^ 
tacdng the above catalyst component with a co-cat- 
alyst component for activation. 
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Description 

[0001] The present invention relates to a catalyst 
component for addition polymerization comprising a 
metallocene transition metal compound; a process for 
producing a catalyst for addition polymerization; and a 
process for producing an addition poiymer. 
[0002] In recent years, there has been proposed a 
process for producing an addition poiymer, which proc- 
ess comprises the step of polymerizing a monomer for 
addition polymerization 8uch as an olefin using a cata- 
lyst, which catalyst is a cuntMnation of a transition nwtai 
compound such as a mstallocene complex and a non- 
metaiiocene compound with a compound such as an 
aluminoxane, Such a catalyst is called a single site cat- 
alyst 

[D003] Examples thereof are a catalyst, which is a 
combination of bls(cyclopentadlenyl)zlrconium dlchlo- 
ride with metirylaluminoxane (JP-A 58-19309); and a 
catalyst, which is a combination of bisCcydopentadlenyi) 
zirconium dimethyl with a boron compound sucli as tri 
(n-'butyl)ammonium tetraxis(pentafluorophenyi)borate 
(JP-W 1-502036). 

[0004] However, an addition polymer obtained by po- 
lymerization using these catalysts has problems that (1) 
its mett tension is not so satisfactorily high that a tubular 
film could be molded speedily and steadily, and (2) its 
melt flow rate is not so satisfactorily high that it would 
have good flowablllty. 

[0005] An object of the present invention is to provide 
a process for producing an addition polymer having high 
melt tension and superior pre>cessabillty; a process for 
producing a cataiystfor addition polymerization used for 
producing such an addition potyrner; and a catalyst com- 
ponent for addition polymerization used for producing 
such a cataiystfor addition polymetizatlon. 
[0006] Another object of the present invention is to 
provide a process for producing an addition potyrner 
having high melt tension, high mett flow rate ratio and 
superior processabliity; a process for producing a cata- 
lyst for addition polymerization used for producing such 
an addition potyrner; and a catalyst oonnponent for ad- 
(fttion poiymsrlzab'on used for producing such a catalyst 
for addrtlon polymerization. 

[0007] The prassnt invention provides a catalyst com- 
ponent (hereinafter refen-ed to as 'cafatyst component 
(A1)") for addition polymerization comprising: 

{i) a transition metai compound having (a) two cy- 
clopentadienetype anion skeleton-carrying groups, 
which are linked with each other directly or through 
a bridging group, and (b) a hafnium atom as its cen- 
tral metal, ^d 

(ii) a transition metai compound having (a) two sub- 
stituted cyolopentadienetype anion skeleton-carry- 
ing groups, which are not linked with each oljier, 
and (b) a ziiconium atom or a titanium s&om as its 
central atom. 



pOOS] The present invention also provides a catalyst 
component (hereinafter referred to as "catalyst compo- 
nent (A2)"} for addition polymerlzatipn comprising: 

s (i) a transition metal compound having (a) two cy- 
ciopentadienetype anion skeleton-canying groups, 
which are linked with each other directly or through 
a bridging group, and (b) a hafnium atom as Its cen- 
tral metal, 

10 (ii) a transition metai compound having (a) two sub- 
stituted oyciopentadiene type anion skeleton-carry- 
ing groups, vt^eh are not linked with each other, 
and (b) a zinsonlum atom or a titanium atom ae its 
central atom, and 

IS (iii) a transition metal compound having (a) two oy- 
ciopentadiene type anion skeleton-carrying groups, 
whbh are linked with each other direct^ or through 
a bridging group, and (b) a zirconium atom or a ti- 
tanium atom as its central metai. 

20 

[0009] The present invention further provides a proc- 
ess for producing a catalyst for addition polymerization, 
which comprises the step of contacting the above-men- 
tioned catalyst component {A1) or (A2) with a co-cata- 

25 iyst component for activation with each other. 

[0010] The present Invention still further provides a 
process for producing an addition polymer, which com- 
prises the step of polymerizing a monomer in the pres- 
ence of the catalyst for addition polymerization obtained 

30 according to the above-mentioned process for produc- 
ing a catalyst for addition polymerization. 
[0011] Hereinafter, the above-mentioned catalyst 
component (A1) and catalyst component {A2) are re- 
ferred to collectively as "a catalyst component (A)". 

ss [0012] Examples of the cyclopentadiene type anion 
skeleton-canying groups (hereinafter, these gnsups 
may be refemed to as "Cp group", as the case may be), 
and the substituted cydopentadiene type anion skeie- 
ton-cffiT^ng groups (herelnetfter, these groups may be 

40 referred to as "substituted Cp grojp", as the case may 
be), whksh groups are contained in the transition metal 
compounds (i), (ii) and (III) used in the present inv«ition, 
are an Ti3-(sub6tituted) cyck>p«itadien^ group, an 
T|*-{substltiJted) indenyf group and an ii ^.(substituted) 

4s fluorenyl group. Here, the parenthesized terni, "(substi- 
tuted)*, means "substituted or unsubstituted". 
[0013] Specific examples of the Cp group and substi- 
tuted Cp group are an T|5-cyclopentadienyl group, an -qS- 
methytoyclopentadienyl group, an TiS-ethylcyciopenta- 

so dienyi group, an ti 5-propylcyciopentadienyl group, an 
i^S-butylcyclopentadienyl group, -nS-hexyicyclopentadi- 
enyl group, an r\ S-octylcyciopentadienyl group, an tiS- 
tilmethytcyclopentadienyl group, an ii5-butylmethylcy- 
clopentadienyl group, ami ^-methyipropyicyclopentadi- 
enyl group, an ti ^-diethyicyclopentadienyl group, an 
11 5-trimethyicyclopentadienyl group, an r\ S-tetrwneth- 
yteyclopentadienyl group, an r\ 5-pentamethylcycIopen- 
tadierryl group, an iiS-indenyl group, an ■nM,5,6,7-tet- 
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tahydroindenyl group, an -n^-methylindenyl group, an 
Tl^-butyiindenyl group, an ri^-dimethylindenyl group, an 
T| 5-trimethylindenyl group, an T|5-methytpropylindenyl 
group, an •nM,5-benzindenyl group, an ■nS-nnethyl- 
4,5-benzindenyl group, an Ti^-phenylindenyl group, an 
tlS-methylpherylindenyl group, an nS-methylnaphthylin- 
denyl group, an ii'-ftuorenyl group, an -n^-dinnethylflu- 
orenyl group and an ii'-dibutylfluorenyl group, and 
those groups having one or more substituents. 
[0014] Amongthese groups, with respect to di-substi- 
tuted T) s-cydopentadlenyl groups such as an ti^- 
dimethylcydopentadienyl group, andtri-subsffiutedTi 5. 
cyclopentadfenyl groups such as an ii S-titnothylcy- 
clopentadienyl group, there are many groups having 
various isomeric structures due to the position of more 
than onesubstituent, for example, more than one methyl 
group. Inthepresent invention, allot such groups having 
various isomeric stmctu res are inciuded. Similarly, poly- 
substituted 11 S-indenyl groups and poly-substituted ti^- 
fluorenyl groups, which groups have morettian one sub- 
stituent, include ail of groups having various isomeric 
structures. All<yl groups such as a propyl group and a 
butyl group include alkyi groups having isomeric struc- 
tures such as n-, ISO-, sec- andtert-. In naming transition 
metal compounds, "ti^-" may be omitted. 
[001 5] Examples of the "substituted cyclopentadiene 
type anion skeleton-carrying groups" contained in the 
transition metal compound (ii) are an iiS-substituted cy- 
clopentadlenyl group, an rt^-tsubstituted) indenyl group 
and an ii«-(substituted) fluorenyl group. Specific exam- 
ples thereof are those mentioned above exduding an 
Ti»-cyclopmtadienyl group. 

[0016] IWo Cp groups In the transition metal com- 
pounds (1) and (lii) are linked vrith each other dIrecUy or 
through a bridging group. Preferable examples of the 
bridging group are divalent bridging groups containing 
a carbon atom, a silicon atom, a nitrogen atom, an ox- 
ygen atom, a sulfuratom or a phosphorus atom. Among 
them, a preferable number of atoms contained In the 
bridging group is not more than 3, wherein (i) said 
number means a number of atoms present on a line link- 
ing two Cp groups, and (ii) when the bridging group has 
any branch, an atom contained in the branch is not 
counted. Preferable examples of the bridging group are 
alkylene groups such as an ethylene group and a pro- 
pylene group; substituted alkylene groups such as a 
dimethyimethylene group and a diphenylmethylane 
group; a sllylene group; substituted silylene groups such 
as a dmethyisiiylene group, a diphenylsiiylene group 
and a tetramethyldisilylene group; and hetero atoms 
such as a nitrogen atom, an oxygen atom, a sulfur atom 
and a phosphorus atom. Of these, a methylene group, 
an ethylene group, a dimethyimethylene group (an iso- 
propylidene group), a dimethylsilylene group, a diethyl- 
sllylene group or a diphen^sllene group is particularty 
preferred, 

[0017] A preferable example of the transition metal 
compound (i) used in the present Invention is a com- 



pound represented by the following formula [4]. in Itils 
fonnula, Is a Cp group or a substituted Cp group; two 
L^^ may be the same or different from each other; two 
are linked with each other directly or through a 
s bridging group; and Xi Is a halogen atom, a hydrocartaon 
group or a hydrocarbyloxy group. 

L^HfX^a [4] 

10 

[001 8] The cyclopentadiene type anion skeleton-car- 
rying group r^resented by Is as explained above, 
and preferable examples thereof are an ti^-lndenyl 
group and an ii^-alkyl stdistltuted Indenyl group. 
^' [001 9] Compounds represented by the above fonmula 
[4] are those, whose two are linked with each other 
directly ortiirough a bridging group containing a carbon 
atom, a silicon atom, a nitrogen atom, an oxygen atom, 
a sulfur atom or a phosphorus atom. Sutdi a bridging 
20 group is as explained above. 

[0020] Preferable compounds represented by the 
above fonnula [4] are those, whose two L^'s are linked 
with each other through a bridging group containing a 
carbon atom, a silicon atom, a nitrogen atom, an oxygen 
25 atom, a sulfur atom or a phosphorus atom. 

[0021 ] Examples of the halogen atom represented by 
In the above formula[4]areafiuorine atom, achlorlne 
atom, a bromine atom and an iodine atom. Examples of 
the hydrocarbon group represented by X"" are an alkyi 
^ group, an aralkyl groupandanarytgroup.0fthe8e,pref- 
erable are alkyi groups having 1 to 20 carison atoms, 
aralkyl groups having 7 to 20 carbon atoms or aryl 
groups having 6 to 20 carbon atoms. The hydrocarbon 
group represented by X^ contains neither the Cp group 
^ nor the substituted Cp group. 

[0022] Examples of the above-mentioned alkyi group 
having 1 to 20 carbon atoms areamethylgroiqa, an ethyl 
group, a n-pn^yl group, an Isopropyl group, a n-butyi 
groifls, a sec-butyl group, atert-butyl group, an isobuty! 
■w group, a n-pentyl group, a neopentyl group, an amy! 
group, a n-hexyl group, a n-octyl group, a n-decyl group, 
a n-dodecyl group, a n-pentadecyl group and en-eioosyl 
group. Preferred are a methyl group, an ethyl group, an 
isopropyl group, a tert-butyl grcujp, an Isobuty group 
^ and an amyl group. 

[0023] The above-mentioned alkyi group may be sub- 
stituted with a halogen atom such as a fluorine atom, a 
chlorine atom, a bromine atom and an iodine atom. Spe- 
dflc examples of the alkyi group, which group has 2 to 
^ 10 cartwn atoms and is substituted with the halogen at- 
om, are a fiuoromethyl group, a trrfluoromethyl group, a 
chtoromethyl group, a trichlonomethyl group, a fluoroe- 
thyl group, a pentafluoroethyl group, a petfluoropropyl 
group, a perftuorobutyi group, a perfluorohexyl group, a 
55 perfluorooctyl group, a perchk)ropropyl group, a per- 
chlorobutyl group and a perbromc^ropyl group. 
[0024] The above-mentioned allq^l group may be sub- 
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slituted with, for example, an ^koxy group such as a 
methoxy group and art ethoxy group; an aryloxy group 
such as a phenoxy group; or an aralkyloxy group such 
as a benzyloxy group, 

[0025] Examples of the above-mentioned aralkyl 
group having 7 to 20 carbons are a benzyl group, a 
(2-methylphenyl)methyl group, a (3-nr>ethylphenyl)me- 
thyl group, a (4-methylphenyl)metJiyl group, a 
(2,3-dimethylphenyl)methyl group, a (2,4-dfrnethylphe- 
nyl)methyl group, a (2,5-dimethylphanyl)methyl group, 
a (2,6-dimethylpher»yOmethyl group, a (3,4-iJlmethyl- 
phenyl)methyl group, a (3,5-dimethylphenyl)meithyl 
group, a (2,3,4-trimeithylphenyl)meithyt group, a 
(2,3,5-trimethylphenyl)methyl group, a (2,3,e-tr1methy{- 
phen^)nnethyl group, a {3,4;&4rlmethylphenyl)m9thyl 
group, a (2,4,64rimethylpherr)rf)m9liiyl group, a 
(2,3,4,5-tetramethylphenyl)methyl group, a (2,3,4,6-te- 
tramethylphenyl)methyl group, a (2,3,5, 6-tetramethyl- 
phenyl)methyl group, a (pentamethylphenyl)methyl 
group, an(ethylphenyl)methyl group, a (n-propylphenyl) 
methyl group, an (isopropyiphenyl)methyl group, a (n- 
butylphenyOmethyl group, a (sec-butylphenyl)methyl 
group, a (tert-butylphenyl)methyt group, a (n-pentylphe- 
nyl)m6thyl group, a (neopentylphenyl)methyl group, a 
(n-hexylphenyl)methyl group, a (n-octylphenyl)methyt 
group, a (n-decylphenyi)methyl group, a (n-dodecylphe- 
nyl)methyl group, a naphthyimethyl group and an an- 
thracenyimethyl group. Preferred Is a benzyl group. 
[D026I All of these aralkyl groups may be substituted 
with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom and an iodine atom; an alkoxy 
group such as a methoxy group and am ethoxy group; 
an aryloxy group such as a phenoxy group; or an aralky- 
loxy group such as a benzjrtoxy group. 
[0027] Examples of the above-mentioned aryl group 
having 6 to 20 carbon atoms are a phenyl group, a 2-tolyl 
group, a S^olyl group, a 4-toiyl group, a 2,3-xylyl group, 
a 2,4-xylyl group, a 2,5-xylyl group, a 2,G-xyly] group, a 
3,4-xylyl group, a 3,5-xy(yl group, a 2,3,4-trlmeth^phs- 
nyi group, a 2,3,5-trimethylphenyl group, a 2,3,64ri- 
methylphenyl group, a 2,4,6-trimethylpheny! group, a 
3,4,S-trimethylphenyl group, a 2,3,4,5-tetrann^hylphe- 
nyi group, a 2,3,4,S-tetramethylphenyi group, a 
2,3,5,6-tetramethylphenyl group, a pentamethylphenyi 
group, an ethyiphenyl group, a n-propylphenyl group, an 
isopropylphenyl group, a n-butylphenyi group, a sec- 
butylphenyl group, a tert-tautylphenyi group, a n-pentyl- 
phenjri group, a neopentylphenyl group, a n-hexyiphe- 
nyl group, a n-octylphenyi group, a n-decyiphenyi group, 
a n-dodecyiphenyl group, a n-tetradecylphenyi group, a 
naphthyi group and an anthracenyl group. Preferred is 
& phenyl group. 

[0028] All of these aryi groups may be substituted with 
a halogen atom such as a fluorine atom, achiorineatom, 
a bromine atom and an iodine atom; an aikoxy group 
such as a methoxy group and an ethoxy group; an ary- 
loxy group such as a phenoxy group; or an aralkyloxy 
group such as a benzyloxy group. 



[0029] Examples of the hydrocarbyloxy group of X'' in 
the above fomiuia [4] are an alkoxy group, an aralkyloxy 
group and an aryloxy group. Among them, preferable 
are alkoxy groups having 1 to 20 carbon atoms, araiky- 

5 loxy groups having 7 to 20 carbon atoms, and aryloxy 
groups having 6 to 20 carbon atoms. 
[0030] Examples of the f^ove-menttoned alkoxy 
group having 1 to 20 cartoon atoms are amethoxy group, 
an ethoxy group, a n-propoxy group, an isopropoxy 

10 group, a n-butoxy group, a sec-butoxy group, a tert-bu- 
toxy group, a n-pentoxy group, a neopentoxy group, a 
n-hexoxy group, a n-ostoxy group, a n-dodocoxy group, 
a n-pentadecoxy group and an elcosoxy group. Pre- 
ferred are a methoxy group, an ethoxy group, an Isopro- 

is poxy group or a tert-butoxy group. 

[0031] The above-mentioned aikoxy groups may be 
substituted with a halogen atom such as afluorinaatom, 
a chlorine atom, a bromine atom and an iodine atom; an 
alkoxy group such as a methoxy group and an ethoxy 

20 group; an aryloxy group such as a phenoxy group; or an 
aralkyloxy group such as a benzyloxy group, 
[0032] Examples of the above-mentioned aralkyloxy 
group having 7 to 20 carbon atoms are a. benzyloxy 
group, a (2-methylphenyl)methoxy group, a (3-methyl- 

25 phenyl) methoxy group, a (4-methylphenyi)methoxy 
group, a (2,3-dimethyiphenyl)methoxy group, a 
(2,4-dimethylphenyl)methoxy group, a (2,5-dimethyl- 
phenyl)methoxy group, a (2,6-dimethylphenyl)methoxy 
group, a {3,4-dlmethylphenyl)methoxy group, a 

30 (3,5-dimethylphenyl)methoxy group, a {2,3,4-trimethyl- 
pheny1)methoxy group, a (2,3,5-trimethylphenyl)meth- 
oxy group, a (2,3,6-trimethylphenyl)methoxy group, a 
(2,4,5-trimethylph6nyl)methoxy group, a (2,4,6-trim6th- 
ylphenyl)methoxy group, a (3,4,5-trimethylphenyl) 

35 methoxy group, a (2,3,4,5-tetramethylphenyl)methoxy 
group, a (2,3,4,6-tetFamethylphenyl)methoxy group, a 
(2,3,5,6-tetrBmflthylphenyl}me(thoxy group, a (pentam- 
ethylphenyl)meJhoxy group, an (ethyljahenyljirnethoxy 
group, a {n-propylphenyl)methO(xy group, an (Isopropyl- 

« phenyi)methoxy group, a (n-but^phenyl)methoxy 
group, a (8ec-butylphenyl)methoxy group, a (tert-butyl- 
phenyl)methoxy group, a (n-hexylphanyl)me1hoxy 
group, a (n-octylphenyl)m6thoxy group, a (n-decylphe- 
nyi)m6thoxy group, a naphthylmethoxy group and an 

45 anthracenylmethoxy group. Pprefen^ed Is a benzyloxy 
group, 

[0033] The edsove-mentioned aralkyloxy groups may 
be substituted with a halogen atom such as a fluorine 
atom, a chlorine atom, a bromine atom and an Iodine 
so atom; an alkoxy gniup such as a methoxy group and an 
ethoxy group; an aryloxy group such as a phenoxy 
group; or an aralkyloxy group such as a benzyloxy 
group. 

[0034] Examples of the above-mentioned aryloxy 
55 group having 6 to 20 carbon atoms are a phenoxy group, 
a 2-methyiphenoxy group, a3-methytphenoxy group, a 
4^Tiethylphenoxy group, a 2,3-dimethylphenoxy group, 
a 2,4-dlmettiyJphenoxy group, a 2,5-dimethylphenoxy 
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group, a 2,6-dimethylphenoxy group, a 3,4-dimethyl- 
phenoxy group, a 3,5-dimelhylphenoxy group, a 2-tert- 
butyl-3-methylphenoxy group, a 2-tert-butyf-4-fnethyl- 
phenoxy group, a 2-tert-buiyl-&.methylphenoxy group 
a 2-t6rt-butyl-6-methylphenoxy group, a2.3,4-lrimethyl- 
phenoxy group, a 2,3,5-trimethylphenoxy group a 
2.3,6-trimethylphenoxy group, a2,4,5-trimethyiphenoxy 
group, a 2,4,6-trimethylphenoxy group, a 2-tert-butyf- 
3,4-dimethylphenoxy group, a2-tert-bLJtyl-3,5-dimethyl- 
phenoxy group, a 2-tert-butyl-3,6-dimethylphenoxy 
group, a 2,6-di-tert.butyl-3-methylphenoxy group a 
2-tert-buty(-4,S-dimethylphenoxy group, a 2,6-di-tert- 
butyl-4-methy]phenoxy group, a 2,6-di-tert-butylphe- 
noxy group, a 3,4,5-trim6thylphenoxy group, a 

2.3.4.5- tetramethylphenoxy group, a 2-tert-bLityl- 
3.4,5-trimethylphanoxy group, a 2,3,4,6-tetramethyl- 
pherroxy group, a 2-tert-butyl-3,4,6-trimethylphenoxy 
Oroup, a 2,6-di-tert-butyl-3,4-dimethylphenoxy group, a 

2.3.5.6- tetramethylphenoxy group, a 2-tert-butyl- 
3,5,e-trimethylphenoxy group, a 2,6-di-tert-butyl- 
3,5-dimethylphenoxy group, a pentamethylphenoxy 
group, an ethyJphenoxy group, a n-propylphenoxy 
group, an isopropylphenoxy group, a n-fautylphenoxy 
group, a sec-butylphenoxy group, a tert-butylphenoxy 
group, a n-hexylphenoxy group, a n-octylphenoxy - 
group, a n-decy(phetioxy group, a n-tetradecylphenoxy 
group, a naphthoxy group and an anthracenoxy group 
[00351 TTiG above-mentioned aryloxy groups may be 
substituted with a halogen atom such as afluorine atom 

a chlorine atom, a bromine atom and an iodine atom- ari : 
alkoxy group such as a methoxy group and an ethoxy 
group; an atyloxy group such as a phenoxy group; or an 
aralltyloxy group such as a benzyloxy group. 
[0036J More preferable examples of Xi are a chlorine 
atom, a methyl group, an ethyl group, a n-propyl group a 
an isoiDropyl group, a n-butyl group, a methoxy group' 
an ethoxy group, a n-propoxy group, an iso-propoxy 
group, a n-butoxy group, a trifluoromethoxy group a 
phenyl group, a phenoxy group, a 2,6-dl-tert-butylpi^e- 
noxy group, a 3,4,5-trifluorophenoxy group, a pen- 4i 
tafuorophenoxy group, a 2,3,S,6-tetrafluoro-4-p6n- 
tafiuorophenylphenoxy group and a benzyl group. 
E00371 Examplesofthecompoundrepresemedbythe 
above^nentloned formula [4] are ethylenebis(cyclopen- 
tadienyl)hafnium dichioride. 6thytenebis(m6thylcy- « 
clopemadienyDhafnium dichioride. ethylenebis(ethylcy- 
clopentadlenyDhafnium dichioride. 6thylenefais(propy[- 
cyclopentadienyDhafnlum dichioride, ethyienebis(butyl- 
cyciopentadienyl)hafnium dichioride, ethyienebis(hexy. 
lcyclopentadienyl)hafnium dichioride, ethylenebisfoc- so 
tylcyclopentadienyDhafnium dichioride, ethylenebis 
(dtmetbyicyciopentadienyOhafnium dichioride ethyl- 
enebis(di6thylcyclopentadienyi)hafnium dichioride ath- 
ylenebis(ethylm6thylcyciopentadienyl)hafnium dichio- 
ride ethylenebis(butylmethyicyolopentadienyl)hafnium ss 
dichlonde,ethyienebis{trimethylcyciopentadienyl)hafni- 
um dichioride, ethylenebis(tetramethyicydopentadi- 
enyl)halriium dfchioride. ethyl8nebls(indenyl)hafnium 



dichioride, ethyienebis{methylfndenyi)hafrium dichio- 
ride, ethyienebis(4,5,e,7-tetrahydroindenyl)hafnium 
dichioride. ethylenebis(pheny|jndenyl)hafnium dichio- 
ride, ethylenebis(fluorenyl)hafnium dichioride, ethylene 
« (oyelopentadienyl)(tetramethyicyclopentadienyl)-hafni- 
um dichioride, ethylene(cyclopentadienyl){indenyl)-haf- 
nium dichioride. ethyleae(methylcyclopentadienyl)(in- 
denyOhafnium dichioride, ethylene{ethylcyciop6ntadi- 
enyl)Cindenyl)hafnlum dk^loride, ethylene(propyicy- 
10 clopentadienyl)(indenyl)hafnium dichioride, ethylene 
(butylcyclopentadienyl)(indenyl)hafnlum dichioride 
eHTyrtene{hexyteycl(VQntadienyl)Cjndenyl)hafnjum 
didiloride. ethyt6ne(octylcyclopentadienyl)(indenyl) 
hafnium dichioride, ethylen6(tetramethylcyclopentadi. 
« enyl)(mdenyl)hafnium dichioride. 6thylene(cyclopenta- 
dienyi)(fluorenyl)hafnium dichioride. ethylene(methyl- 
cyclopentadienyl)(fluorenyl)hafnium dichloricte ethyi- 
ene{tetram6thylcydopentadienyl)(fluorBnyl)hafnium 
dichioride, ethyiene(ethylcyclopentadienyl)(fluorenyl) 
-0 hafnium dichioride. ethylene(propyicyclopentadienyl) 
(fluorenyl)hafnium dichioride, ethylenefbutylcyclopen- 
tadienyl)(fiuorenyi)hafnium dichioride, ethyiene(hexyl- 
cyclopentadienyl)(fluorenyl)hafnium dichioride ethyi- 
ene(octylcyctopentadienyl)(fiuorenyl)hafnium dichio- 
•5 nde, and ethylene(lndenyl)(fiuorenyl)hafnium dichio- 
ride; compounds wherein the temi "ethylene" in the 
above examples are changed to the tenn "iso-propyli- 
dene", "dlmethyisilyiene", "diethyisilyiene", "diphenyisi- 
lylene" or"dimethoxysilytene"; and compounds wherein 
" the temi -dichioride" in the above examples are 
changed to the temi "difiuoride", 'dibromide", "diiodide" 
-dimethyl", -diethyl", "di-iso-propyl", "dlmethoxide", "di- 
ethoxlde". -dipropoxlde", "dibutoxide", -bis(trtfluor- 
omethoxlde)", "diphenyl", "diphenoxide", "518(2 6-dl- 
' tert-butylphenoxide)". -bls(3.4,5-trifluonjphenoxide)" 
bis{pentafluon)phenoxide)", "bls(2.3.5,e^etrafluoro- 
4-pentafluorophenylphenoxlde)' or "dibenzyl". 
[0038] In the above-exemplified oompounds, mono- 
77 5-cyclopentadienyl groupnBubstttuted oompounds 
contain 2-substituted and 3-subatituted compounds; di- 
ll S-cyclopentadienyi group-substituted oompounds 
contain 2,3-di-substituted, 2,4-di-substltuted, 2S-di- 
substituted, 3,4-di-substitut6d, 3,5-di-substituted' and 
4,5-di-^ubstjtuted compounds; and the tri-TiS-cyctopen- 
tadienyl group-substituted compounds contain 2,3 4-tri- 
substituted, 2,3,5-tri-substituted, 3,4,5-tri-substituted 
and 2.4,5-tri-substituled compounds. Similarly, mono- 
Ti5-indenyl group-substituted compounds contain 
2-substituted, 3-substituted, 4-substituted, 5-substitut- 
ed, 6-substituted and 7-substituted compounds when a 
position of the bridging group is the 1 -position; and also 
contain all possibilities when a position of the bridging 
group js any position otherthan the 1 -position. Similarly 
the di- or more 7i5-indenyl group-substituted compounds 
contain ail possibility of the combination of substituents 
and bridge positions. Similariy. the T]S-f[uorenyl group- 
substituted compounds also contain all possibility of the 
combination of substituents and bridge positions AlkyI 
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groups su(* as a propyl group and a butyl group contain 
Isomers such as n-. iso-, sec- and tert-. Alkoxy groups 
such as a propoxy group and a butoxy group contain 
isomers such as n-, iso-. sec- and tert-, unless othenAfise 
specified. It is pennitted to use Itie above-exemplified 
compound in a combination of two or more. 
[00391 A preferable example of the transition metal 
compound (ii) used in the present Invention is a com- 
pound represented by the following fomiuia [5]. In this 
formula, is a titanium atom or a zirconium atom; 
is the substituted Cp group, two L^'s are not linked with 
each other; and X2 is a halogen atom, a hydrocarbon 
group or a hydrocarbyloxy group. 



PI 



[0040] A substituted eyclopantadiena type anion skel- 
eton-canying group represented by is as explfflned 
above. Of these, an TiSnalkyl substituted cyclopentadi- 
enyl group is prefer^le. Two L»8 in the above formula 
[5] are not bridged. 

[0041] The same explanation as that given for in 
the above formula [4] can be applied for in the above 

fomiula [5], 

[0042] Specific examples of the compound represent- 
ed by the above fonnula [5] are bMmethylcydopenta- 
dlenyDtitanium dichloride, bis(ethylcyclopemadienyl)ti- 
tanium dichloride, bis(propylcyclopentadienyl)titanium 
dichloride, bis(butylcyclopentadienyl)titanium dichlo- 
ride, bis(hexylcyclopentadienyl)tttanium dichloride, bis 
{octylcyclopentadienyl)tItanium dichloride , bis(dlmeth- 
ylcyclopentadlenyl)titanlum dichloride, bis(diethyicy- 
clopentadienyl)tltanium dichloride, bls(ethyimethylcy- 
ciopentadlenyl)tltanium dichloride, bis(methylbutylcy- 
clopentadlenyOtltanium dichloride, bis(trimethy1cy- 
clopentadienyl)tltanium dichloride, bispetramethylcy- 
ciopentadienyl)titanium dichloride, bis(pentamethylcy- 
clopentadienyl)titanium dichloride, bi8(indBnyiJtJtenium 
dichloride, bis(methyllndenyl)tltanium dichloride, bis 
{phenyilndenyl)tttanium dichloride, bis(nnethylfiuorenyi) 
titanium dichloride, (methylcyclopBntadienyI)(indenyl)tl- 
tanium dichloride. (ethylcyciopentadlBnyI)(indenyi)tte- 
nium dichloride, (propylcs^toperrtadienyi)(indenyOtitani- 
um diehioride. (butylcyclop9ntadieny1)(lndenyl)tltanium 
dtehloride, (hexylcyclopentadienyl)(indenyt)titanium 
dichtotlde, (octyteycl(H3entadienyl)(lndenyi)titanium 
dldi!oride,(tetramethylcyclopentadienyl)(indenyl)titani- 
um dlchlorWe, (nfiethyicyclopentadienylKfluorenyl)tita- 
nium dichloride, (tetramethyicyclopentadienyl)(fiuore- 
nyOtltanium dichloride, (ethylcyctopentadfenyI){fluore- 
r?yl)l}tanium dichloride, (propylcyclopentadienyl)(fluore- 
nyl)titanlum dichloride, (butyicyciopentadienyl)(fluore- 
nyl)tltanium dichloride, (hexylcydopentadi6nyi)(fluote- 
nyl)titanium dichloride, (octylcyclopentadienyl)Cfiuore- 
nyOtitanium dichloride, (pentamethylcydopentadieny!) 
(fluorenyl^ltanium dichloride and (indenyl)^uorenyl)ti- 



tanium dichloride; compounds formed by replacing Ti- 
tanium" in the above-mentioned compounds with zirco- 
nium; and compounds tomned by replacing "dichloride" 
in the above-mentioned compounds wllh difluoride, di- 
5 bromide, dliodlde, dimethyl, diethyl, dilsopropyl, dimeth- 
oxide, diettioxide, dlpropoxide. dtoutoxlde. bis(trifluor- 
omethoxlde). diphenyi. dlphenoxide. bis(2,6-di-tert- 
butylphenoxlde), bis(3,4,5-trifluoropheno)dde), bis(pen- 
tafluorophenoxlde), bls(2,3.5.6-telrafluoro^en- 
10 tefluorophenylphenoxide) or dibenzyl. 

[0043] In the above-exemplified compounds, the di- 
Ti 5-cyelopentadienyl group-substituted compounds 
contain 1,2-di-subEtituted and 1 ,3-dl-substltuted com- 
pounds; and the tri-iiS-cyciopsntadienyi group-substi- 
IS tuted compounds contain 1 ,2,3-tri-substituted and 
1,2,4-tri-substituted compounds. Similarty, the mono- 
Tl's-indenyl group-substituted compounds contain 
1 -substituted, 2-substituted, 3-substituted, 4-substitut- 
ed, 5-substituted, 6-substituted, 7-substituted com- 
so pounds and their symmetric compounds. Similarly, the 
di- or more Ti^-indenyl group-substituted compounds 
contain all ccwnbination. Similarly, the iiS-fiuorenyl 
group-substituted compounds contain all combination. 
Ailqrl groups such as a propyl group and a butyl group 
as contain isomers such as n-, iso-. sec-and tert-isomers. 
Alkoxy groups such as a propoxy group and a butoxy 
group contain isomers such as n-, iso-, sec- and tert- 
isomers, unless othenwise specified. It Is permitted to 
use the above-exemplified compound in a combinatton 
30 of two or more. 

[0044] A preferable example of Itie transition metal 
compound (ill) used In the present Invention is a com- 
pound represented by the tbilowing fomiula [6]. In this 
formula, Is a titanium atom or a zirconium atom; L* 
35 is a Cp group or a substituted Cp group; two L*- s are 
linked wfth each other directty or through a bridging 
group; and is a halogen atom, a hydrocarbon group 
or a hydrocarisyloxy group. 



[6] 



[0045] Asubstituted cyclopentadienetype anion skel- 
etwi-carrying group represented by L+ is as explained 
45 above. Of these, an Ti5-lndenyl group or an Ti^-aikyl sub- 
stituted indenyl group is preferred. 
[0046] The same bridging groups as those given for 
the above fomnula [4] can be applied for the above for- 
mula [6]. 

so [0047] Compounds represented by the above fomrtuia 
[6] are those whose two L*s are linked with each otiier 
through a bridging group containing a carbon atom, a 
silicon atom, a nitrogen atom, an oxygen atom, a sulfur 
atom or a phosfshorus atom. 

55 [0048] The same explanation as that given for X" In 
the above fonnula [4] can be applied for X3 in the above 
formulate]. 



11 



EP1 300 425A2 



12 



[0049] Specific examples of thecompound represent- 
ed by the above formula [6] are ethylenebis(cyclopen- 
tadienyOtitanium dichloride, ethylenebis(methylcy- 
clopentadienyl)tltanium dichloride, ethylen6bjs{ethylcy- 
ciopentadienyl)titan!um dichloride, ethylenebis(propyi- 
cyclopentadienyl)tilaniuni dichloride, ethylenefais(bLityl- 
cyclopentadienyl)titanium dichloride, ethylenebis(hexy- 
icyclopentadienyl)titanium dichloride, ethylenebis(octyl- 
cyclopentadienyl)titanium dichloride, ethyienebis 
(dimethylcyciopentadlenyl)titanium dichloride, ethyl- 
enebis(dlethykjyclopentadienyi)titanium dichloride. eth- 
ylenebis(etliylmethytcyclopentadienyi)titanium dichlo- 
ride, athylenebiB(butylmethylcyclopentfldienyl)tttanium 
dichloridB,©thy1enebis{trjmethylcyclopentadienyl)titani- 
um dichloride, athyleneblB(tetramethylcycl(ipentadi. 
enyl)titanium dichloride, ethybnebls(lndenyl)tlt8nium 
dichloride, ethylenabis(methylind6nyl)t«anium dldito- 
ride, ethyienebis(4,5.6,7-tetrEdiydroindenyl)tltanium 
dichloride, ethylenebis(phenylindenyl)titanium dichlo- 
ride, ethylenebis(fluorenyl)titaniijm dichloride, ethylene 
(cyclopentadienyl)(tetranriethylcyclopentadienyl)-tftani- 
um dichloride, ethylene(cyclopentadienyI)(indeRyl)tita- 
nium dichloride, ethylene{methylcyciopentadi6nyl)(in- 
d6nyl)titanium dichloride, ethytene(ethylcyclopentadl- 
enyl)(indenyl)titanmm dichloride. ethyl ene(propylcy- 
clopentadienyl)(indenyl)titanium dichloride, ethylene 
(butylcyclopentadienyl)(lndenyt)titanium dichloride, eth- 
ylene(hexylcycfopentadienyl)(indenyl)tltanium dichlo- 
ride, ethylene(octyloyclopentadienyl)(lndenyl)titanium 
dichloride, 6thylane(tetramethyicyclopentadienyl)(inde- 
nyl)titanium dichloride, ethyiene(cyclopentadlenyl)(flu- 
orenyl)titanium dichloride, ethylene(m6thylcyc!openta- 
dienyO(fluorenyl)tltanium dichloride, ethylene(tetrame- 
thylcyclopentadlenyl)(fluorenyl)fitanlum dichloride, eth- 
ylene{ethylcyckjpentadienyI){fluorenyI}titanium dichlo- 
ride, ethylene(propylcyelopeirtadienyl)(fluorenyl)trtan(- 
um dichloride, ethylene(butyteyclopentadlenyQ(fluoi«- 
nyl>«tanium dichloride, etfiytene(hexylcyclopentadi- 
enyl)(fluorenyl)tltanium dichloride, ethylene 
(octylcyclopentadienyl){fluorenyl)taanlum dichloride, 
and ethylene(indenyl)(fluonsnyl)titanium dichloride; 
compounds formed by replacing titanium" In the above- 
mentioned compounds with zirconium; compounds 
formed by replacing "ethylene" in the above-maitloned 
compounds with isopropylidene, dimethylsilylene, di- 4B 
ethylsilylene, diphenylsilylene or dimethoxysiiyiene; 
and compounds formed by replacing "dichloride" in the 
above-mentioned compounds with difluoride, dibro- 
mide, diiodide, dimethyl, diethyl, diisopropyl. dimethox- 
ide, diethoxide, dipropoxide, dibutoxide, bis(trifluor- so 
omethoxide), diphenyl, diphenoxide, b(s(2,6-di-tert- 
butylphenoxide), bis(3,4,5-triftuorophenoxide), biB(pen- 
tafluorophenoxide), bis(2,3,5,6-tetrafluoro-4-pen- 
tafluorophenylphenoxide) or dibenzyl. 
[0050] In the above-exemplified compounds, mono- ss 
■n 5-cyctopentadienyl group-substituted compounds 
contain 2-substituted and 3-substituted conpounds; di- 
T| 5<!ydopentadlenyl gnoup-substftuted compounds 



contain 2,3-df-sLibstltuted, 2,4-dl-substitirted, 2,5-di- 
substltuted and 3,5-df-substltuted compounds; andtri- 
ti=-cyclopentadieny I group-su bstituted compounds con- 
lain 2,3,4-tri-substituted and 2,3,5-tri-substituted com- 
5 pounds. Similariy, mono-riS-lndenyl group-substlUited 
compounds contain 2-subslituted, 3-substituted, 4-sub- 
stituted, S-substituted, 6-substltutedand 7-sub5tituted 
compounds when a position of the bridging group is the 
1 -position, and also contain all possibilities when a po- 
"> sition of the bridging group Is any position otherthan the 
1 -position. Similarly, the di- or mors T|S-indenyl group- 
substituted compounds contain all possibility of the 
combination of substituents and bridge positions. Simi- 
larly, the substituted T^S-fiuorenyl group also contain all 
« possibility of the combination of substituents and bridge 
positions. AlkyI groups such as a propyl group and a 
butyl group contain isomers such as n-, Iso-, sec- and 
tert-isomers. Alkoxy groups such as a propoxy group 
and a butoxy group contain isomers such as n-, iso-, 
^ sec- and tert-isomers. unless otherwise specified. It is 
pennlttad to use the above-exemplified compound In a 
con*lnatlon of two or more. 
[0051 ] The co-catalyst component for activation used 
In the present Invention Is not partteulariy limited as far 
2s as it can activate the catalyst component (A) in accoiti- 
ance with the present invention. As the oo-catalyst com- 
ponent for activation, the following compound (B), (C) 
or a combination thereof is preferable, 

30 Compound (B) 

[0052] At least one aluminum compound selected 
from the group consisting of the following compounds 
(B1)to(B3). 

3S IP053] Compound (B1): an organoalumlnum com- 
pound represented by the formula, E^AIZa^. 
t00543 Compound (B2): a cyclic aluminoxane rapre- 
sented by the fomiula, {-AI(E2}-0-}(,, 
iPOSS] Compound (B3): a linear aluminoxane repre- 
M sented by the fomiula, ^-AI(E3)-0-}^E32, 

[0056] In the above formulas, , £2 and E3 are inde- 
pendently of one another a hydrocarbon group; all E^, 
ell E« and all may be the same or different, respec- 
tively; Z is a hydrogen atom or a halogen atom; all Z may 
be the same or different; a Is a number satisfying 0 < a 
S 3; b Is an hteger of not less than 2; and c is an Integer 
of not less than 1. 

Compound IC) 

[0057] At least one boron compound selected from 
the group consisting of the following compounds (C1 ) to 

Compound (CI ): a boron compound represented by 
the formula, BQ^Q^Qp. 

Compound (C2): a boron compound representedby 
the formula, G+(BQ1Q2Q3Q4)-. 
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Compound (C3): a boron compound represented-by 
thefomiula, (L-H>*(BQ^Q2q3Q*)-. 

[0058] in the above fomiulas, B is a trlvalent boron 
atom; C -Q* may be the same or different and are a 
halogen atom, a hydrocarbon group, a halogenated hy- 
drocarbon group, a subsfltuted silyl group, an alkoxy 
group oradi-substituted amino group; G+ is an Inorganic 
or organic cation; L is a neutral Lewis base; and (L-H)+ 
is a Broensted acid. 

[0059] Examples of the above-mentioned com- 
pounds (B1) are trialkyialuminums such as trimethyla- 
luminum, triethylaiuminum, tripropylaluminum, tri- 
isobutylaiumtnum, trihexylaiuminum and trioctylaluml- 
num; dialkylaluminum chlorides such as dimettiylalumi- 
num chloride, diethyialuminum chloride, dipropylalumi- 
num chloride, dlisobutylaluminum chloride and dihexy- 
ialuminum chloride; alkylaluminum dichlorides such as 
methylaluminum dichloride, ethylaluminum dichloride, 
propylaluminum dichloride, isobutytaluminum dichloride 
and hexylalumlnum dichloride; and dialkylaluminum hy- 
drides such as dimethylaluminum hydride, diethyialumi- 
num hydride, dipropylaluminum hydride, diisobutylalu- 
minum hydride and dihexylalumlnum hydrtde. Among 
them, preferred are trialkyialuminums such astrimelh- 
ylalumSnum, triethylaiuminum, trl-n-butylaluminum, tri- 
isobutylalumlnum, tri-n-hexylalumlnum and tri-n-octyta- 
luminum, and particulaiiy prefenned is tilisobutylaiumi- 
num ortri-n-octylaluminum. 

[0060] Examples of and E3 in the formulas repre- 
senting the conrpounds (B2) and (B3) are alkyi groups 
such as a methyl group, an ethyl group, a n-pr(^yl 
group, an Isopropyl group, a n-butyl group, an isobuiyl 
group, a n-pentyl group and a neopentyl group. Of 
these, a methyl group or an isobutyi group are prefera- 
ble. Preferred b is from 2 to 40, and preferred c is from 
1 to 40. 

[0061] A process for producing the above-mentioned 
alumtnoxane is not particularly limited. There are exem- 
plified (1 ) a conventional process comprising the step of 
(i) dissolving a trialkylaluminum such as trimethyialumt- 
n um in an organic so Ivent such as benzene, toluene and 
an aliphatic hydrocarbon and (iO contacting the resulting 
soiLTtion with water, and (2) another conventional proc- 
ess comprising the step of (i) contacting a trialkylalumi- 
num such as trimethyl aluminum with a crystal water-car- 
rying metal salt such as copper sulfate hydrate. The alu- 
minoxane obtained acaiording to these processes is 
usually considered to be a nnlxture of a cydic aluminox- 
ane and a linear alumlnoxane. 
[0062] An example of Q"" to Q* in the above-men- 
tioned compounds (CI ) to (C3) is preferably a halogen 
atom, a hydrocarbon group having 1 to 20 carbon at- 
oms, a halogenated hydrocartson group having 1 to 20 
carbon atoms, a substituted siljri group having 1 to 20 
cartson atonis, an alkoxy group having 1 to 20 carbon 
eaoms or an amino group having 2 to 20 carbon atoms; 
more preferably a halogen atom, a hydrocarbon group 



having 1 to 20 carbon atoms or a halogenated hydro- 
carbon group having 1 to 20 cariDon atoms; much more 
prefer^iy a fluorinated hydrtxarbon group having at 
least one fluorine atom and 1 to 20 cartjon atoms ; and 

5 particularly preferably a fluorinated aryl group having at 
least one fluorine atom and 6 to 20 cariaon atoms. 
[0063] Examples of the above-mentioned compound 
(01) are tris(pentafluorophenyl)borane. tris(2,3,5,6- 
tetrafiuorophenyOborane, tris(2,3,4,5-tetrafluorophe- 

10 nyl)borane, tris(3,4,5-trifluorophenyl)borane, tris(2,3,4- 
trifiuorophenyl)borane and phenylbis(peTrtafluorophe- 
nid)borane. Of these, tris(pentafluorophenyl)borane is 
the most preferable. 

p)064] Examples of G+ in the above-mentioned com- 
15 pound (C2) are inorganic cations such as a ferrocenium 
cation, an alkyI substituted femscenium catton and a sil- 
ver cation, and organic cations such as a triphenylme- 
thyl cation. As the cation, a cartaonium cation is prefer- 
able and a triphenytmethyl cation is particulariy prefer- 
20 able. 

[0065] Examples of (BQ^QSQ^Q*)- in the above-men- 
tioned compound (C2) are teraxis(pentafluorophenyl) 
borate, teraxis(2,3^,6-terafluorophenyl)borate, teraxis 
(2,3,4,54Btrafluoroph8nyOl>orate, teraxis(3,4,5-trifluor- 

2S ophenyl)t)orate, teraxis{2,3,4.tr1fiuonvhenyl)faorate, 
phenyltrls(pontafluorophenyl)borate and teraxis(3,5- 
bistrlf luorDnr»ethylpheny1)borate 
jpossi Examples of the above-mentioned compound 
(C2) are ferrocenium t6raxis(pentafluorophenyl)borate, 

30 1 ,1 '-dimethytfen-ocenlum teraxis(pentafluon3phenyl)bo- 
rate, silver tBraxts(pentafluorophenyl)borate, triphenyl- 
m«hyl teraxis{pentafluorophenyl)borate and triphenyl- 
methyl teraxis(3,5-blstrifluoromeltiylphenyl)borate. Of 
these, triphenylmethyl teraxis(peniafluorophenyI)bo- 

35 rate is the most prefen-ed. 

[0067] Examples of (L-H)+ in the above-mentioned 
compound (C3) are a trial kyl substituted ammonium, an 
N,N-dialkylanilinium, a dialkylammonlum and a triaryl- 
phosphonium. Examples of the (BQ1Q2q3q*)- are the 

'to same as mentioned above, 

[0068] Examples of the above-mentioned compound 
(C3) are triethylammonium tera>ds(pentafluorophenyl) 
borate, tripropylammonium teraxls(pentafluorophffliyO 
borate, tri(n-butyl)ammonium teraxtsftientafluorophe- 

4S nyl)borate, tri(n-butyl)annmonium teraxis(3,5-blatrifluor- 
omethylphenyl^rate, N.N-dlmettiylanllinium teraxis 
(pentafluorophenyOborate. N,N-diethylanillnium teraxis 
(pentafluoropheni^borate. N,N-2,4,6-pentamethyl- 
aniinlum tBraxls(pentefluorophenyl)borate, N,N- 

50 dlmeth^anilinium terBxis(3,5-blstrifluoromethylphenyl) 
borate, diisopropylammonium teraxis(pentafluorophe- 
nyt)borate, dicyctohexylammonium teraxis(pentafluor- 
ophenyl)borate, triphenylphosphonium teraxis(pen- 
tafluorophenyl)borale, tri(methy^henyI)phosphonium 

55 teraxis(pentafluorophenyl)borat6 and tri(dimethylphe- 
nyl)phosphonium teraxis(pentafluorophenyl)borate. Of 
these,tri(n-bu!yl)ammoniumteraxis(pentaf!uorophenyl) 
borate or N,N-dimethylanllinium teraxis(pentafluoroph- 
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enyl)borate is the most preferable. 
[0069] A method for contacting the catalyst compo- 
nent (A) with the co-catalyst component for activation In 
the process for prewluclng a catalyst for adcfltlon polym- 
erization in accordance with the present invention is not s 
particularty limited, as far as the catalyst for addition po- 
lymerization can be produced. There are exemplified (1) 
a method comprising the steps of (i) mixing the relevant 
components diluted with asolventornot with each other, 
and (ii) feeding the resulting mixture to a polymerization to 
vessel; and (2) a method comprising the steps of (i) 
feeding the relevant components separately into a po- 
lymerization vessel, and (ii) contacting them in the ves- 
sel. When at least two kinds of the co-catalyst compo- 
nent for activation are used in the former method, it is is 
pemnitted that a part of said component and the catalyst 
component (A) are mixed and the remaining part is sup- 
plied as it is to a polymerization vessel. The co-catalyst 
component for activation and the catalyst component 
(A) are used in an amount of usually from 0 .1 to 1 0000, 2o 
and preferably from 5 to 2000 in temns of a molar ratio 
of the above-mentioned compound (B)/the catalyst 
component (A); and used In an amount of usually from 
0.01 to 100, and preferably from 0.5 to 10 in terms of a 
molar ratio of the above-mentioned compound (Cythe 25 
catalyst component (A). 

[0070] When the catalyst component (A) and the co- 
cataljBt component for acthration are fed into a polym- 
erization reactor in a form of a solution, a suspension or 
a slurry, It Is pennittedto appropriateiy determine a oon- 30 
centration thereof depending upon a feeding method. A 
concentration of the catalyst component (A) is usually 
from 0,0001 to 1000 mmoWiter, preferably from 0.05 to 
200 mmol/liter, and more preferably from 0.01 to 50 
mmol/Hter; a concentration of the compound (B) is usu- as 
ally from 0,01 to 5000 mmoWlter, preferably from 0.1 to 
2500 mmol/liter, and more preferably from 0.1 to 2000 
mmol/liter as a total amount of Al atom contained in the 
compound (B) used; and a concentration of the com- 
pound (C) is usually from 0.001 to 500 mmol/liter, pref- 40 
erabiy from 0.01 to 250 mmol/liter, and more preferably 
from 0.05 to 1 00 mmol/liter 

[0071] When the catalyst component (A) and the 
above-mentioned compound (B) are contacted with 
each other to obtain the catalyst for addftiwi poiymeri- 45 
zation, the compound (B2), ^a compound {B3) or a 
oomfoinatton thereof is preferable as the conpound (B). 
When the catalyst component (A), the ^ove-men«oned 
compound (B) and the above-mentioned compound (C) 
are contacted with one another to obtain the catalyst for so 
addition polymerization, the compound (B1 ) is prefera- 
ble as the conrqaound (B). 

[0072] A polymerizalion method in the process for 
producing an addition polymer in accordance with the 
present invention is not particularly limited. There are « 
exemplified (1) a solution polymerization method using 
an aliphatic hydrocarbon such as butane, pentane, hex- 
ane, heptane and octane; an aromatic hydrocarbon 



such as benzene and toiuene; or a halogenated hydro- 
carbon such as methylene dichloride, (2) a slurry polym- 
erization method using said solvent, and (3) a gas phase 
polymerization method comprising the step of polymer- 
izing a gaseous monomer. A potymerizatton manner 
may be a continuous polymerization or a batch polym- 
erizalion. 

[0073] A polymerization tempwature is usually from 
-5(yC to ZOO'C, and particularly prelerably Itom -20'>C 
tD '100'C. A preferable polymerization pressure Is usu- 
ally from atmospheric pressure to 6 lUIPa. Apolymeriza- 
tion time can be appropriately determined depending 
upon a l<ind of a polymer obtained and a polymerization 
reaction apparatus, and is usually from 1 minute to 20 
hours. It is pemiitted to use a chain transfer agent such 
as hydrogen to regulate a molecular weight of a polymer 
obtained. 

10074] When the catalyst component (A) is used, for 
example, in such a polymerization method as a sluny 
polymerization method, a gas phase polymerization 
method and a bull< polymerization method, which meth- 
ods give a particulate addition polymer, the following 
particle (I) orparticle (II), which can be obtained by mod- 
ifying a particle (d) mentioned hereinafter, is preferable 
as the co-catalyst compohentfor activation. Hereinafter, 
Uie particle (1) and the particle (II) are referred to collec- 
tively as "particle (D)". 

[0075] Particle (1): a particle obtained by contacting 
the following compound (a), thefoliowing compound (b), 
the following compound (c) and a partlde (d) mentioned 
hereinafter with one another. 
PJ076] Compound (a): a compound represented by 
tile following fonnula [1], 

[1], 

[0077] Compound (b): a compound represmted by 
the following formula [2], 

RVi™ [2], 

and 

PK>78] Compound (c): a compound represented by 
ttie foBowtng fonnula £3], 

FT't.aTHj [3]. 

[0079] in ttie above formulas [1 ] to [3], IW" is a typical 
metal atom of the Group 1,2, 12, 14 or 15 of the periodic 
table (Revised edition of lUPAC Inorganic Chemistry 
Nomenclature 1 989); m Is a number correspondingto a 
valence of W; U is a hydrogen atom, a halogen atom 
or a hydrocarbon group, and vrfien more than one V 
exists, they may be the same or different from one an- 
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other; R"" is an electron-withdrawing group or an elec- 
tron-withdrawing group-containing group, and when 
more than one exists, they may be the same or dif- 
ferent from one another; R2 is a hydrocart)on group or 
a halogenated hydrocarbon group; respective Ts are in- 
dependently of each other a non-meta) atom of the 
Group 1 5 or 1 6 of the periodic table (Revised edition of 
lUPAC Inorganic Chemistry Nomenclature 1989), and t 
is a number con-espondlng to a valence of the atom T. 
[00801 Particle (II): a particte obtained by contacting 
an aluminoxane and a particle (d) mentioned hereinafter 
with each other. 

[0081] Examples of in the above formula [1] are a 
lithium atom, a sodium atom, a potassium atom, a ai- 
bldium atom, a cesium atom, a beryllium atom, a mag- 
nesium atom, a calcium atom, a strontium atom, a bar- 
ium atom, a zinc atom, a cadmium atom, a mercury at- 
om, a gennanlum atom, a tin atom, a lead atom, an an- 
timony atom and a bismuth atom. Of these, a typical 
metal atom of the Group 12 is particularly preferred, and 
a zinc atom is the most preferred. 
[0082] Further, m in the above formula [1 ] is a number 
corresponding to a valence of M^, and, for example, m 
is 2 when W is a zinc atom. 

[0083] Examples of the halogen atom as in the 
above fomnula [1] are a fluorine atom, a chlorine atom, 
a bromine atom and an Iodine atom, and a preferable 
hydrocarbon group as U is an alkyi group, an aiyl group 
or an aralkyl group, 

[0084] As said allcyl group, an alkyl group having 1 to 
20 carbon atoms is preferable. Examples thereof are a 
methyl group, an ethyl group, a n-propyl group, an iso- 
propyl group, a n-butyl group, asec4)utyl group, a tert- 
butyl group, an Isobutyl grot^), a n-pentyl group, a neo- 
pentyl group, a n-hexyl group, a n-octyl group, a n-decyl 
group, a n-dodecyl group, a n-pentadacyl group and a 
n-eicosyl group. Among them, a metiryl groi^, an ethyl 
group, an Isopropyl group, a tert-butyl group or an iso- 
butyl group is more preferable. 
[0085] The alkyl group may be substituted with a hal- 
ogen atom such as a fluorine atom, a chlorine atom, a 
bromine atom and an iodine atom. Specific examples of 
the alkyl group substituted with a halogen atom are a 
fiuoromethyl group, a difluoromethyi group, a trifluor- 
omethyl group, a chloromethyl group, a dichloromethyl 
group, atrichloromethyl group, a bromomethyl group, a 
dibromomethyl group, a tribromomethyl group, an io- 
domethyl group, a diiodomethyl group, a trliodomethyl 
group, a fluoroethyl group, a difiuoroethyl group, a trif- 
luoroeftyi group, atetrafluoroelhyl group, a pentafiuor- 
oethyl group, achloroethyl group, a dichloroethyl group, 
a to-ichioroethyi group, a tetrachloroethyl group, a pen- 
tachloroethyi group, a bromoethyl group, a dibromoethyl 
group, a tribromoethyl group, a tetrabromoethyl group, 
a pentabromoethyl group, a perfluoropropyl group, a 
perfluorobutyl group, a perfluompenlyl group, a per- 
f luorohexyl group, a perfluorooctyl group, a perfluorodo- 
decyl group, a perfluorapentadecyl group, a perfluoroe- 



ioosyl group, a perchloropropyl group, a perchlorobutyl 
group,.a perchioropentyl group, a petchlorohexyl group, 
aperchlorooctyl group, aperehlorododecyl group, a p&r- 
chloropentadecyl group, a perohloroeicosyl group, a 

s perbromopropyl group, a perbremobutyl group, a per- 
bromopentyl group, a perabromohexyl group, a pertaro- 
moociyl group, aperiaromodecyi group, aperbronwpen- 
tadecyl group and a perfaromoeteosyl group. 
[0086Q A part of the alkyl group may be substituted 

10 with an alknxy group such as a methoxy group and an 
ethoxy groi^D; an aryloxy group such as a phenoxy 
group; or an aralkyloxy group such as a benzyloxy 
group. 

(0087] As the above-mentioned aryl group, an aryl 

•ts group having 6 to 20 carbon atoms Is preferable. Exam- 
ples thereof are a phenyl group, a 2-to!yl group, a 3-tolyl 
group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xyly! 
group, a 2,5-xylyl group, a 2,6-xylyl group, a 3,4-xylyl 
group, a 3,5-xylyl group, a 2,3,4-trimethylphenyl group, 

^0 a 2,3,5-trimethylphenyl group, a 2,3,6-trimethylphenyl 
group, a 2,4,6-trimethylphenyl group, a 3,4,5-trimetiiyl- 
phenyl group, a 2,3,4,5-tetramethylphenyl group, a 
2,3,4,6-tetramethylphenyl group, a 2,3,5,6-tetramethyl- 
phenyl group, a pentamethyiphenyi group, an ethylphe- 

2s nyl group, a n-propylphenyl group, an isopropylphenyl 
group, an-butylphenyt group, a sec-butylphenyl group, 
a tert-butylphenyl group, a n-pentylphenyl group, a ne- 
opentylphenyl group, a n-hexyiphenyl group, a n-octyl- 
phenyl group, a n-decylphenyl group, a n-dodecyiphe- 

30 nyl group, a n-tetradecylphenyl group, a naphthyl group 
and an antiiracenyl group. Amongthem, more preferred 
is a phen^ group. 

[0088] All oftheseaiyl groups may be substituted with 
ahatogen atom such as a fluorine atom, a chlorine atom, 

3s a bromine atom and an todlne atom; an alkoxy group 
sucii as a methoxy group and an ethoxy group; an ary- 
loxy group such as a phenoxy group; or an aralkyloxy 
group such as a benzyloxy group. 
[0089] As the above-mentioned aralkyl group, an ar- 

40 alkyl group having 7 to 20 carbons is preferable. Exam- 
ples thereof are a benzyl group, a {2-methylph6nyl)me- 
thyi group, a (3-methylpheny!)methyl group, a (4-m6th- 
y^henyl)methyl group, a (2,3-dlmethylphenyl)methyl 
group, a (2,4-dimethylphenyl)methyl group, a 

45 (2,5-dlmethylphenyl)methyl group, a (2,6-dimethytphe- 
nyl)methyl group, a (3,4-dimethylphenyl)methyl group, 
a (3,5-dimethylphenyl)methyl group, a (2,3,4-trimethyl- 
phenyOmethyl group, a (2,3,5-trimethylphenyi)methyl 
group, a (2,3,6-trimethylphenyl)methyl group, a 

so (3,4,5-trimethylphenyl)methyl group, a (2,4,6-trimethyl- 
phenyl)methyl group, a (2,3,4,5-tetramethyiphenyl)me- 
thyl group, a (2,3,4,6-tetramethylphenyi)methyl group, 
a (2,3,5,6-tetramethylphenyl)methyl group, a (pentam- 
ethylphenyl)methyl group, an (ethylphenyl)methyl 

55 group, a {n-prapylphenyl)methyl group, an (isopropyl- 
phenyl)methyl group, a {n-butylphenyi)methyl group, a 
(sec-butylphen5^)meiJiy! group, a (tert-butylphenyl)me- 
thyl group, a (n-pentylphenyOmethyl group, a (neo- 
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pentylphenyl)methyl group, a (n-hexylpheny!)methyt 
group, a (n-octylpheny))methyl group, a (n-decylpherryl) 
methyl group, a (n-tlodecylphenyl)m ethyl group, a 
naphthylmethy! group and an anthracenylmethyl group. 
Among them, more preferred is a benzyl group. 
[OOdOI All of these aralkyl groups may be partially sub- 
stituted with a halogen atom such as a fluorine atom, a 
chlorine atom, a bromine atom and an iodine atom; an 
alkoxy group such as a methoxy group and an ethoxy 
group; an aryloxy group such as a phenoxy group; or an 
aralkyloxy group such as a benzyloxy group. 
[0091] An example of in the above formula [1] is 
preferably a hydrogen atom, an alkyi group or an aryl 
group, nwre praferably a hydrogen atom or an alkyI 
group, and particularly preferably an alkyi group. 
[0092] T in the above formula [2] and T in the above 
formula [3] may be the same or different from each other 
Examples of the non-metal atom of the Group 15 are 
atoms such as a nitrogen atom and a phosphorus atom. 
Examples of the non-metal atom of the Group 16 are 
atoms such as an oxygen atom and a sulfur atom. Pref- 
erable Ts are independently of each other a nitrogen 
atom or an oxygen atom, and particularly preferably an 
oxygen atom. 

[0093] As an index of the electron-withdrawing prop- 
erty of in the above formula [2], for example, a sub- 
atituent constant o of Hammett's rule is known. Exam- 
ples of the electron-wlttidrawing group are functional 
groups having a positive substltuent constant o of IHam- 
mett's rule. 

[0094] Specific examples of »ie etectron-wlHidrawing 
group are a fluorine atom, a chlorine atom, a bromine 
atom, an iodine atom, a cyano group, a nitro group, a 
carbonyl gnjup, a sulfone group and a phenyl group. Ex- 
amples of the electron-withdrawing group-containing 
group are a ttaloganated alkyi group, a halogenated aryl 
group, a (halogenated alkyi)aiyi group, a cyanated aiyl 
group, a nitrated aryl group and an ester group (for ex- 
ample, an alkoxycabonyl group , an araikyioxyoabonyl 
group and an aryioxycabonyl group). 
[0095] Specific examples of the above-mentioned 
halogenated alkyi group are a fluoromethyl group, a 
chioromethyl group, abromomethyl group, an iodome- 
thyl group, a difluoromethyl group, a dichloromethyl 
group, a dibromomethyl group, a dilodomethyl group, a 
trifluoromethyl group, a trichloromethyl group, a tribro- 
momethyl group, a triiodomethyl group, a 2,2,2-trifluor- 
oethyl group, a 2,2,2-trlchloroethyl group, a 2,2,2-tribro- 
moethyl group, a 2,2,2-trilodoethyl group, a 
2,2,3,3,3-pentafluoropropyl group, a 2,2,3,3,3-pen- 
tachloropropyl group, a 2,2,3,3,3-pentabromopropyl 
group, a 2,2,3,3,3-pentaiodopropyl group, a 2,2,2-trif- 
luoro-1-triffuoromethylethyl group, a 2,2,2-trichloro- 
1-trichloromethylethyl group, a 2,2,2-trfbromo-1-tribro- 
momethylethyl group, a 2,2,2-triiodo-1 -triiodomethyle- 
thyl group, a 1,1-bis(trTfiuoromethyl)-2,2,2-trifiuoroethyI 
group, a 1.1-bis(trichIoromethyl)-2,2,2-1rk:htoroethyl 
group, a 1,1*istlrft)romomethyl)-2,2^-tribrDmoethyl 



group and a 1,1-bis(trilodomethyl)-2,2,2-trilodoethyl 
group. 

[0096] Specific examples of the above-mentioned 
halogenated aryl group are a 2-fiuorophenyl group, a 

5 3-fluorophenyl group, a 4-fluorophenyl group, a 2,4-dif- 
luorophenyl group, a 2,6LTdifluorophenyl group, a 3,4-d!- 
fiuorophenyl group, a 3,5-difluDrophenyl group, a 
2,4,6-trifluorophenyi group, a 3,4,5-trifluorophenyl 
group, a 2,3,5,S-tetrafluorophenyl group, a pentafluor- 

10 ophenyl group, a 2,3,5,6-tetrafluoro-4-trffluoromethyl- 
phenyl group, a 2,3,5,6^etrafiuoro~4-pentafluorophe- 
nylphenyi group, a perfluoro-1-naphthyl group, a per- 
nuoro-2-naphthyl group, a 2-chlorophenyl group, a 
3-chlorophenyf group, a 4-chiorophenyl group, a 

IS 2,4-dk;hlorophenyi group, a 2,6'dichlon^henyl group, e 
3,4-dichlorophenyl group, a3,S-dk:hlorophenyl group, a 
2,4,&-trichlorophenyi group, a 3,4,5-trichiorophenyi 
group, a 2,3,S,6-tetrachlorophenyl group, a pentachlo- 
rophenyl group, a 2,3,5,6-tetrachloro-4-trlchioromethy!- 

^0 phenyl group, a 2,3,5, 6-tetrachloro-4-pentachlorophe- 
nylphenyl group, a perchloro-1 -naphthyl group, a per- 
chloro-2-naphthyl group, a 2-bromophenyl group, a 
3-bromop henyl group, a 4-bromopheny I group , a 2 ,4-di- 
bromophenyl group, a 2,6-dibromophenyl group, a 

25 3,4-dibromophenyl group, a 3,5-dibromophenyl group, 
a 2,4,6-tribromophenyI group, a 3,4,5-tribromophenyl 
group, a 2,3,5,6-tetrabromophenyl group, a pentab- 
romophenyl group, a 2,3,5,6-tetrabromo-4-tribro- 
momethylphenyl group, a2,3,5,6-tetrabromo-4-pentab- 

30 romophenylphenyl group, a perbromo-1 -naphthyl 
group, a perbromo-2-naphthyl group, a 2-iodophenyl 
group, a 3-iodophenyl group, a 4-iodophenyl group, a 
2,4-diiodop henyl group, a 2,6-diiodophenyl group, a 
3,4-ditodophenyl groiqs, a 3,5-diiodophenyl group, a 

55 2,4,e-tr1iodoph«iyl group, a 3,4,5-triiodophenyl group, 
a 2,3,5,6-tatrakxtophen^ group, a pentaiodophenyl 
group, a2,3,5,6-tetralodo-4-triiodomethylphenyl group, 
a 2,3,5.6-tetraiodo-4-penteiiodophenylpheny( group, a 
periodo-l-naphttiyi £^up and a peiriodo-2-naphthyI 

■w group, 

[0097] Specific examples of the above-mentioned 
(halogenated aikyl)aryl group are a 2-(trifluoromethyl) 
phenyl group, a 3-(trifluoramethyt)phenyl group, a 4-(trl- 
fiuoromethyOphenyl group, a 2,6-bis(trifluoromethyl) 

•is phenyl group, a 3,5-bis(tr1fluoromethyl)phenyi group, a 
2.4,6-tris(trifluoromethyl)phenyl group and a 3,4,S-tris 
(trifluoromethyl)phenyl group, 
[0098] Specific examples of the above-mentioned cy- 
anated aryl group are a 2-cyanophenyl group, a 3-cyan- 

so ophenyl group and a 4-cyanophenyl group. 

[0099] Specific examples of the above-mentioned ni- 
trated aryl group are a 2-nitrophenyl group, a S-nitroph- 
enyl group and a 4-nitrophenyl group. 
[0100] Specific examples of the above-mentioned es- 
ter group are a methoxycarbonyl group, an ethoxycarta- 
onyl group, a n-propoxycarbonyl group, an isopropoxy- 
carbonyl group, a phenoxycartxinyl group, a trtfluor- 
omethoxycarbonyl group and a pentaf luorophenoxycar- 
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[0101] As R'' in the above formula [2], preferred is a 
halogenated hydrocarbon group, and more preferred is 
a halogenated aii<yl group or a halogenated aryl group. 
Much more preferred is afluoromethyi group, a difluor- 
omethyl group, a trifluoromelhyl group, a 2,2,2-trifiuor- 
oethyl group, a 2,2,3,3,3-pentafiuoropropyl group, a 
2,2,2-trlfluoro-1-tr[fluoromethylethyl group, a 1 ,1-bls{tri- 
fluorDmethyl)-2,2,2-trlfluoroethyi group, a 2-fluorc^he- 
nyl group, a 3'fiuorophen^ group, a 4-fiuorophenyl 
group, a 2,4-difluorophenyl group, a 2,6-difiuorophenyl 
group, a 3,4-difluorophenyl group, a 3,5-difhJorophenyl 
group, a 2,4,6-trifluorophenyl group, a 3,4,5-trifiuoroph- 
eny) group, a 2,3,5,6-tetrafiuorophenyt group, a pen- 
tafluorophenyl group, a 2,3,5,6-tetraf!uoro-4-trifluor- 
omethylphenyl group, a 2,3,5,6-tetranuoro-4-pen- 
tafluorophenyiphenyi group, a parHuoro-l-naphityt 
group, a perfluoro-2-naphtyl group, a chloromethyl 
group, a dichloromethy! group, a trichlorometti^ group, 
a 2 ,2,2-trichloroethy i group,a2,2,3,3, 3-p6ntach loropro- 
pyl group, a2,2,2-trichloro-1 -trichloromethylethyl group, 
a 1,1-bis(trichioromethyi)-2,2,2-trichloroethyl group, a 
4-cliloroplienyl group, a 2,6-dich!orophenyi group, a 
3,5-dichlorophenyi group, a 2,4,6-trichloroph6nyt group, 
a 3,4,5-trichlorophenyl group, or a penfachlorophenyl 
group. Particularly prefenred is a fluoroalkyi group or a 
f luoroaryl group, and the most preferred Is a trifluorome- 
thyl group, a 2,2,2-trifluoro-1 -trifluorometh^ethyi group, 
a 1,1-bis(trifluoromethy!)-2,2,2-trlfluoroethyl group, a 
3,5-difluorophenyl group, a 3,4,5-Wluorophenyl group, 
or a pentafluorophenyl group, 
pi 02] A preferable example of the hydrocarbon 
group as R2 In the above foimula [3] is an alkyi group, 
an aryl group or an aralkyl group. Exan^les of the hy- 
drocarbon group are the same as those exen^iified as 
L'' in the above formula [1], Examples of the halogenat- 
ed hydrocarbon group as are a halogenated alkyi 
group, a halogenated aryl group and a (halogenated 
alkyl)aryi group. Specffic examples of these groups are 
the same as those exemplified fbrthe halogenated alkyi, 
halogenated aryl and (hakiganated alkyl}aryl groups as 
Ri In the above fomnula [2]. 

[0103] A preferable example of tn the above for- 
mula [3] is a halogenated hydrocarbon group, and a 
fluorinated hydrocarbon group is more prefen-ed. 
[0104] Specific examples of the above-mentioned 
compound (a) having a zinc atom as W are dialkylzincs 
such as dimethylzinc, diethylzjnc,dipropylzinc,di-n- 
butylzinc,di-isobutyIzincand di-n-hexylzinc; diarylzincs 
such as diphenylzinc, dinaphthylzinc and bls(pen- 
tafluorophenyl)zinc; dialkenylzincs such as diallylzinc; 
bis(cydopentadienyl)zinc; alkylzinc haiides such as 
methylzinc chloride, ethylzinc chloride, propylzinc chlo- 
ride, n-butylzinc chloride, isobutylzinc chloride, n-hexy- 
Izinc chloride, methylzinc bromide, ethylzinc bromide, 
propylzinc bromide, n-butyizinc bromide, isobutylzinc 
bromide, n-hexylzinc bromide, methylzinc iodide, ethyl- 
zinc k)dide, pn^ytzinc iodide, n-butylzinc iodide, iso- 



butylzinc ioddeand n-hexylzinc Iodide; and zinc haiides 
such as zinc fluoride, zinc chloride, zinc bromide and 

zinc iodide. 

[0105] Dialkylzincs are preferred as the compound 
5 (a). More preferred is dimethylzinc, diethylzlnc, dlpro- 
pylzinc, dl-n-butylzinc, di-isobutylzinc ordi-n-hexyizinc, 
and particularly preferred is dimethylzinc or diethylzlnc. 
[0106] Specific examples of the above compound (b) 
as to amines are di(fluoromethyl)amine, di(chlorome- 

*o thyl)amine, di(bromomethyl)amine, dl(iodomethyl) 
amine, bis(difluoromethyl)amine, bis(dichloromethyl) 
amine, bis(dibromomethyl)amine, bis(diiodomethyl) 
amine, bi8(trffluoronnethyl)amine, l:^8(trichtoromethyl} 
amine, bis(trlbromDmethyl}amine, bis(triiodom8thyl) 

IS amine, bia (2,2,2-trifluoroethyI)am1ne, bls(2,2,2-trichlo- 
rDethyl)amine, b[e(2,2,2-&-lbrDmoethyl}amine, bis 
(2,2,2-trliodoethyl}amlne, bis(2,2,3.3,3-pentafluoropro- 
pyl)amine, bis(2,2,3,3,3i}entachloropn^F)amine, bis 
(2,2,3,3,3-pentabromopropyl)amine, bis(2,2,3,3,3-pen- 

20 taiodopropyl)amine, bis(2,2,2-trlfluoro-1-trifluorometh- 
ylethyl)amine, bis(2,2,2-trichloro-1 -trichloromethyle- 
thyl)amine, bis(2,2,2-tribromo-1 -tribromomethyiethyl) 
amine, bis(2,2,2-triiodo-1-triiodomethylethyl)amin6, bis 
(1 ,1 -bis(trifluoromethyl)-2,2,2-trifluoroethyl)amine, bis 

25 (l,l-bis(trichloromethyl)-2,2,2-trichloroethyl)amine, bis 
(1 ,1-bis(tribromomethyl)-2,2,2-tribromoethyl)amine, bis 
(1 ,1-bis(tri(odometliyl)-2,2,2-triiodoethyl)amine, bis(2- 
fluorophenyl)amine, bis(3-fluorophenyl)amine, bis(4- 
fluorophenyt)amine, bis(2-chlorophenyl)amin6, bis(3- 

30 chloropheriyl)amine, bis(4-chlorophenyl)amine, bis(2- 
bromoph8nyl)amine, bis(3-bromophenyl)amine, bis{4- 
bromopheny!)amine, bis<2-iodophenyl)amine, bis(3-lo- 
dophenyl)amlne, bis(4-todophenyl)amine, bisC2,8-dlf- 
iuorophenyl)amlne, bls(3,5-dlfluorophenyl)amine, bis 

ss (2,6-dk;hlorophenyl)amine, bis(3,5-dichlorophenyO 
amine, bis(2,6-dibromophenyi)amine, bis(3,5-dl- 
bronnophenyl)amine, bis(2,6-diiodoph«iyt)amine, bis 
(3 ,5-dliodophenyl)amine, bis(2,4,6-trifluoropheny I) 
amine, bi8(2,4,6-trtehiorophenyOamtne, fcH8(2,4,e-trl- 

40 bromophenyl)amine, bis(2,4,6-tr1iodophenyl)amine, bis 
(3,4,5-trtriuoraphenyl)amina, bi8(3,4,5-1ric^lorophenyi} 
amine, bls(3,4,5-tribrDmopheny[)amine, bls(3,4,5-tri»- 
dophenyl)amine, bis(pentafiuorophenyl)amine, bis 
QientachtorophenyOamine, bis(pentabromophenyl) 

45 amine, bis(pentaiodophenyl)amine, bis(2-(trlfluorome- 
thyl)phenyl>amine, bis(3-(trifluoromethyl)phenyl)amine, 
bis(4-(trifluoromethyl)phenyl)amine, bis(2,6-di(trifiuor- 
omethyl)pheny!)amine, bis{3,5-di(trifluoromethyl)phe- 
nyl)amine, bis(2,4,6-trl(trlfluoromethyI)phenyl)amine, 

so bis{2-cyanophenyl)amine, (3-cyanophenyi)amine, bis 
(4-cyanophenyl)amine, bis(2-nitrophenyl)amine, bis 
(3-nitrophenyl)amine and bis(4-nitrophenyl)amtne. In 
addition, phosphine compounds having a phosphonjs 
atom in place of the nitrogen atom are also exemplified. 

ss Sudi phosphine compounds are those expressed by re- 
placing the temi "amine* in the above-mentioned spe- 
cillc examples with the term "phosphine", respectively. 
[0107] SF>e(»fic examples of the above compound p) 
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as to alcohols arefiuoromethanol, chloromethanol, bro- 
momeBianol, iodomethanol, difluoromethanol, dlchlo- 
romethanol, ellbromomethanol, dilodomethanol, trlfluor- 
omethanoi, trichloromethanol, tribromomethanol, triio- 
domethanol, 2,2,2-trlfluoroethanol, 2,2,2-trlchlorpetha- 
nol, 2,2,2-tribromoethanol, 2:2,2-triiodoethanol, 2,2,3,3, 

3- pentafluoropropanol, 2,2,3,3,3-pentachloropropanol, 
2,2,3 ,3,3-pentabramopropano 1 , 2,2,3 ,3,3-pentaiodo- 
propanot, 2,2,2-trifluoro-1-trifluoromethylethanol, 2,2,2- 
trlohloro-1 -trlchlorometliyigthanol, 2,2,2-tribromo-1 4ri- 
bromomethylethanol, 2,2,2-*ritodo-1 -trliodomethyletfia- 
nol, 1,1-ble(trlfiuoromethy[)-2,2^-tri1iuorDethanol, 1,1- 
b1s(trichloromethyl}-2,2,2-tnchlorDethanol, 1 ,1 -bl8(trl- 
bromoinethyl)-2,2,2-trlbrDmoethanol and 1,1-bls{tr1lo- 
domethyl)-2,2,2-triiodosthanol. In addition, thiol com- 
pounds liaving a sulfur atom in place of the oxygen atom 
are also exemplified. Such thiol compounds are those 
expressed by replacing the term "nol" in the above-men- 
tioned specific examples with the term "nethiol", respec- 
tively, 

[01 08] Specific examples of the above compo u nd (b) 
as to phenols are 2-fluorophenol, 3-fluorophenol, 

4- fluorophenol, 2,4-difluorophenol, 2,6-difluorophenol, 
3,4-difluorophenol, 3,5-difluorophenol, 2,4,6-trifluor- 
ophenol, 3,4,5-trifluorophenol, 2,3,5,6-tetrafluorophe- 
nol, pentafluorophenol, 2,3,5,6-tetrafluoro-4-trifluor- 
omethylphenol, 2,3,5,6-tetrafluoro-4-pentaftuorophe- 
nylphenol, perfluon3-1-naphthol, p6r{luoro-2-naphthol, 

2- chlorDphenol, 3-chlorophenol, 4-chlorophenol, 
2,4-dichlorophenol, 2,6-djchlorophenol, 3,4-dichloroph- 
enol, 3,S-dlchlorophenoI, 2,4,6-trlchloroph6nol, 3,4,5- 
trichlorophenol, 2,3,5,6-tetrachlorophenol, pentachlo- 
rophenol, 2,3,6,6-tetrachIorD-4-trichtaromethylphenot, 
2,3,5,6-tetrachlorD-4-pentachlorophenylphanol, p^- 
chloro-1-naphthoI, perchtoro-2-naphthol, 2-bromophe- 
nol, 3-bromophenol, 4-bromoph8nol, 2,4-dlbiionf»ophe- 
nol, 2,6-dibrDmophenol, 3,4<llbromophenol, S^-dibro- 
mophenol, 2,4,8-trfbromophenot, 3,4,5-tribromopheno!, 
2,3,5,6-tetrabromophenQl, pentabromophenol, 2,3,5,6- 
tgtrabromo-4-tribromomethylphenol, 2,3,S,6-tetrabrD- 
mo-4-pentabromophenylphenol, perbromo-1 -naphthol, 
p6rbromo-2-naphthol, 2-iodophenol, 3-iodophenol, 
4-lodopheno|, 2,4-diiodophenol, 2,6-diiodophsnol, 
3,4-diiodophenol. 3,5-diiodoph6nol, 2,4,6-triiodophe- 
nol, 3,4,5-triiodophenol, 2,3,5, 6-tetraiodophenol, penta- 
lodophenoi, 2,3,5, 6-tetralodo-4-trilodomethylphenol, 
2,3,5,6-tetraiodo-4-pentaiodophenylphenol, perlodo- 
1-nsy3hthol, periodo-2-naphtho!, 2-(trifluoromethyl)phe- 
noi, 3-(trifluoromethyi)phenol, 4-(trifluoromethyl)phe- 
nol, 2,6-bis(trifluoromethyl)phenor 3,5-fais(tiifluorome- 
thyOphenol, 2,4,e-trls(trifiuoromethyl)phenol, 2-cyano- 
phenol, 3-cyanophenol, 4-cyanophenol, 2-nitrophenol, 

3- nitrophenoland 4-nitrophenol, In addition, thiophenol 
compounds having a sulfur atom in place of the oxygen 
atom are also exemplified. Such thiophenol compounds 
are ttiose expressed by replacing the temi "phenol" in 
the ^ove-mentioned ^ecific examples with the term 
"thiophenol", respectively. 



[0109] Preferalbe examples of the compound (b) are, 
as to amines, bis(trifluoromethyl)amlne, fais(2,2,2-trif- 
luoromethyl)amine, bls(2,2,3,3,3-pentafluoropropyl) 
amine, bis(2,2,2-trifluoro-1 -trifluoromethylethyl)amine, 

s bis(1 ,1-bls(trlfluoromethyI)-2,2,2-trifluoroethy()amine or 
bis(pentafluorophenyl)amine; as to aicohois, trifluor- 
omethanol, 2,2,2-trifliJoroethanol, 2,2,3,3.3-pentafluor- 
opropanol, 2,2,2-trifluorD-1-trifluoromethylethanol or 
1 ,1-bis(trifluoromethyl)-2,2,2-trifluoroethanol; and, as to 

10 phenols, 2-fluorophenol, 3-fluorophenol, 4-fluorDphe- 
nol, 2,6-difluorophenol, 3,5-difluorophenol, 2,4,e-trif- 
luorophenol, 3,4,5-trifluorophenol, pentafluorophenol, 

2- (trifluoromethy[)phenol, 3-(tt1ftuoromethyl}phenol, 4- 
(trifluoromethyl)phenol, 2,6-bis(trlfluoromgthyl)phenol, 

IS 3,5-bis(trifluoromethyl)phenol, 2,4,6-triB(trifluorome- 
thyl)phenol or 3,4,5-tri8{trifluorom8thyl)phQnol. 
[0110] More preferalbe examples of the compound 
Cb) are bls(b1fluoromethyl)amlne, bl8(pentBfluoiophe- 
nyO amine, trifluwomethanoi, 2,2,2-trifluorO'1-trifluor- 

20 onrtethylethanol, 1 ,1-bis(trifluoromethyl)-2,2,2-trifluor- 
oethanol, 2-fluorophenol, 3-fluorophenol, 4-fluorophe- 
nol, 2,6-difluorophenol, 3,5-difluorophenol, 2,4,6-trif- 
luorophenol, 3,4,5-trifluorophenol, pentafluorophenol, 

4- (trifluoromethyl)phenol, 2,6-bis(trifluoromethyl)phe- 
2s nol and 2,4,6-tri8(trifluorDmethyl)phenol. Much more 

prefen-ed are 3.5-difluorophenol, 3,4,5-trifluorophenol, 
pentafluorophenol and 1 ,1-bis(trifluoromethyl)-2,2,2-tri- 
fluoroethanol. 

[0111] The compound (c) is preferably water, hydro- 
30 gen sulfide, art alkylamlne, an arylamlne, an ar- 
alkylamine, a halogenated alkylamlne, a halogenated 
arylamlne or a (h alogenated alkyl)a ry tamin e ; and further 
preferably water, hydrogen sulfide, methylamine, ethyl- 
amine, n-propylamine, Isopropyiamlne, n-butylamlne, 
ss sec-butylamine, tert-butylamine, tsobutylamine, n- 
pentylamlne, neopentylamine, Isopentylamlne, n-hexy- 
lamine, n-octylamine, n-dacylamine. n-dodeeylamine, 
n^entadecylamine, n-eioosylarnine, allyiamlne, cy- 
clopentadlenytamine, aniline, 2-tolylamlne, 3-tolyi- 
« amine, 44olylamine, 2,3-xylylamine, 2,4-x^lamine, 2, 

5- xylylamlne, 2,6-xylylamlne, 3,4-xylirtamlne, 3,5-xy- 
Jylamtne, 2,3,4-trimethylaniline, 2,3,5-lrimethylanlllne, 
2,3,6-trimethylaniIine, 2.4,64rimethylanlllne, 3,4,S-tri- 
methylantllne. 2,3,4,5-tetramethylanilin6, 2,3,4,6-te- 

45 tramethyianliine, 2,3,5,6-tetramethylanillne, pentame- 
thylanlline, ethylanillne, n-propylaniline, isopropy- 
laniline, n-fautyianiline, sec-butylaniline, tert-buty- 
lanlline, n-pentylanlllne, neopentylaniiine, n-hexy- 
laniiine, n-octylaniline, n-decylaniline, n-dodecylaniiine, 

50 n-tetradeoylaniline, naphthylamine, anthracenylamine, 
benzytamine, (2-methylphenyl)methylamine, {3-methyl- 
phenyl)methylamlne, (4-methylphenyl)methylamine, (2, 

3- dimethy!pheny l)methy iamlne, (2 ,4-dimethylpheny I) 
methylamine, (2,5-dimethylphenyl)methylamine, (2, 

55 6-dimethylphenyl)methylamine, (3,4-dimethylphenyl) 
nrethylamine, (3,S-dlm^y^3henyl)methylamine, (2,3, 

4- trime1tiyiphenyl}methylamine, (2,3,5-trimethylphenyl) 
methylamine, (2,3,64rimethylphenylXnethjrtamine, (3, 
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4.5- trimethyiphenyl)methylamine, (2,4,6-trsT)ethylphe- 
nyl)inethylarnine, (2,3,4,5-tetramethylphenyl)fnethyl- 
amine, (2,3,4,6-tetramethylphenyl)methylamlne, (2,3,5, 
6-tetramethylphenyl)methyiamine, (pentamethylphe- 
nyl)methylamine, (ethytphenyl)methylamine, (n-propyl- 
phenyl)methylamine, (isopropyiphenyl)methylamine, 
(n-biitylphenyl)methylamine, (sec-butylphenyl)methyl- 
amine, (tert-fautylphenyl)meltiylamine, (n-pentylphenyt) 
methylamine, (neopenlylphenyl)methylamine, (n-hexy- 
lphenyl)methylamine, {n-octylph9nyl)methylamine, (n- 
decylphenyl)methylamine, {n^BtiBdecylphenyl)methyl- 
amine, naphtylmethylamine, anthracenylmethylamine, 
fiuoromethylam'ffie, chforomethytamlna, bromomsthyl- 
amine, lodwnethylamlne, dffluoramethytamine, dichlo- 
rorr«thylamine, dbromomethylaminB, diiodomethyl- 
amine, triffuoromethylamine, tiidilormiethiylamine, tii- 
bromomethylamine, trllodometirylamlne, 2,2,2-trifluor- 
oethylamine, 2,2,2-trjchloroethylamlne, 2,2,2-trlbro- 
moethylamine, 2,2,2-triiodoethylamine, 2,2,3,3,3-pen- 
tafluoropropyi^ine, 2,2,3,3,3-pentachloropropylami- 
ne, 2,2,3,3,3-pentabromoptiopylamine, 2,2,3,3,3-penta- 
iodopropylamine, 2,2,2-trifluoro-1 -trifluoromethylethyl- 
amine, 2,2,2-trichloro-1-trichloromettiylethylamine, 2,2, 
2-tribromo-1 -tribromomethylettiylamine, 2,2,2-triiodo- 

1- triiodomethyiethylaniine, 1 ,1 -bis(trifluorometiiyl)-2,2, 

2- trifluoroethylamine, 1 ,1-bis(triehloromethyl)-2,2,2- 
trichloro9thylam]ne, 1 ,1-bis(tribromom ethyl) -2,2, 2-tri- 
bromoethylamine, 1 ,1-bis(triioctomethyl)-2,2,2-trilo- 
doethylamlne, perfluoropropi^amine, perchloropro- 
pylamine, perbromopropylamine, perfluorobutylamine, 
perchlorobutytamine, perbromobutylamine, perfluoro- 
pentylamine, perchloropentylamine, perbromo- 
pentylamlne, perfluorohexylamine, perchlorohexy- 
lamine, pertromohexylfflTilne, pisrf luorooctylamine, per 
chlorooctylamine, perbromooctylamme, perfluorodo- 
decylamine, penchiorododecyleunine, perbrodo- 
decylamins, perfluoropentadecylamine, perchloropen- 
tadecyiamine, perbromopentadecylamlne, perfluoroel- 
cosylamine, perchloroacosylamlne, perbromoeioo- 
s^amine, 2-fluoroQnfline, 3-fluoroaniline, 
4-fluoroaniline, 2-chroroaniline, 3-diloroanriine, 4-chlD- 
roaniline, 2-bromoaniline, a-biwnoantline, 44jrD- 
moaniline, 2-iodoanlllne, 3-lodoaniline, 4-iodoaniline, 

2.6- drfluoraanillne, 3,5-dffluoroani)ine, 2,8-dichtero- 
aniiine, S.S-dichloroaniline, 2,&-dibromoanlllne. 3,5-dl- 
bramoaniline, 2,6-diiodoaniline, 3,5-ditodoanllin6, 
2,4,6-trifluoroaniline, 2,4,6-trichloroaniline, 2,4,6-tribiD- 
moaniline, 2,4,6-triiodoan[iine, 3,4,5-trifluoroanillne, 
3,4,5-trichloroaniline, 3,4,5-tribrDmoaniline, 3,4,5-triio- 
doaniline, pentafluoroaniline, pentachloroaniline, 
pentabromoaniiine, pentaiodoaniline, 2-{trifluorome- 
thyl)aniline, 3-(trifluorDmethyl)aniltne, 4-(trifluorome- 
thyljaniline, 2,6-di(tiifluoromethy!)aniline, 3,5-di{trlf!uor- 
omethyl)aniline, 2,4,6-tri(trifluoromethyl)annine or 
3,4,5-tri(trlfluoromethyl)aniIine. 

[01121 The compound (c) is more preferably water, 
hydrt^n sulfide, methylamine, ethylamine, n-pro- 
pytamine, Isopropylamine, n-but^amine, seo- 



butylamine, tert-butylamtne, isobutylamine, n-oc- 
tylamine, aniline, 2,6-xylylamine, 2,4,6-trimetliylantline, 
naplithylamine, anthracenylamine, benzylamlne, trif- 
iuoromethylamine, pentafluoroethylamlne, perfluoro- 
s proylamine, perfluorobutylamine, perfluoropentyl- 
amine, perfluoroliexylamine, peril uorooctylamine, per- 
fiuorododecylamine, perfluoropentadecylamine, per- 
fluoroeicosylamine, 2-fiuoroaniline, 3-fluoroanlline, 
4-fluoroaniline, 2,6-difluoroaniline,3,5-difluoroaniline, 2, 
-10 4,6-trifluoroaniline, 3,4,5-trifluorDaniiin6, pentafluoro- 
aniline, 2-(trifluoromethyl)aniline, 3-(trifluorometfiyl)an- 
nine, 4-{trifluoromethyl)aniline, 2,6-bis(trifluoronnethyi) 
aniline, 3,5-bis(trifluoromethyl)antline, 2,4,6-tris(trifluor- 
omethyl}anil!neor3,4,5-trls(trtfluoroniethyl)anil!ne; par- 
's ticulariy preferably water, Irtfiuoromethylamine, per- 
fluorobutylamine, peifluorooctylamine, parfluoropenta- 
decylamine, 2-4iuorDaniline, 3-fluoroanlline, 4-flu(M'o- 
aniline, 2,6-difluoroaniline, 3,5-d)FluorDanillne, 2,4,6-tri- 
fluoroaniline, 3,4,E-trifiuoroaninne, pentafluoroaniline, 
so 2-(trifluorDmethyl)anlilne, 3-(trifluoromethyl)aniline, 
4-(trifluoromettiyI)anillne, 2,6-bte(trlfluoromethyl)ani- 
line, 3,5-bis(trtfluoromethyl)aniline, 2,4,6-tris(trifluor- 
omethyOaniline or3,4,5-tris(trifluoromettiyl)anillne; and 
most preferably water or pentafluoroaniline. 
25 pii3] As tfie above-mentioned particle (d), those 
generally used as a carrier are preferable. Among them, 
porous substances having a unifomn particle diameter 
are preferable. As the particle (d), an inorganic sub- 
stance or an organic polymer is preferable. Of these, an 
30 inorganic substance is more preferable. 

[0114] From a viewpoint of particle size distribution of 
an addition polymer obtained, the particle (d) has a ge- 
ometric standard deviation of preferably not more than 
2.S, more preferably not more than 2.0, and much more 
3s preferably not more than 1 .7, wherein the geometric 
standard deviation is based on a volume of a particle 
diameter of the particle (d). 

[0115] The above-mentioned Inorganic substance is 
preferably inorganic oxides. It Is also psmnitted to use 

^ an inorganic substance such as day and day mineral. 
These Inoriganic subetartces may be used in a mixture. 
[0116] Spedfic examples of the inorgaiic oxide are 
SiOg, AI2O3, MgO. ZrOa, TiOg. BgOa, CaO, 2hO, BaO 
EUid ThO^; and a combination such as SIO^-MgO, SiOg- 

*s AlaOg, SiOfe-TlOa. SiOs-VgOg. SlOa-CraOg and SiOg- 
TlOg-MgO. Among them, SiOg, AlgOg or SiOg-AlaOa fe 
preferable, and SiOg (silica) is particularly preferable. 
The ^ove inorganic oxide may contain a small amount 
of carbonates, sulfates , nitrates or oxide components, 

50 such as NaaCOg, K2CO3, CaCOa. MgCOg, NaaSO^, Alg 
(804)3, BaS04, KNO3, Mg(N03)2, AI(N03)3, NagO, KgO 
and LigO. 

[0117] Examples of the above-mentioned clay or clay 
mineral are kaolin, bentonite, Kibusht clay, gaerome 
55 clay, allophane, hisingerite, pyrophyllte, talc, a mica 
graup, a montmorillinite group, vermicutite, a chlorite 
group, palygorsldte, kaolinite, nacrite, dickite and hal- 
loydte. Among these, smectite, montmorilonite, hec- 
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torite, raponite and sapontte are preferEOale, and 
montmorillonite and hectorite are more preferable. 
[01 1 81 As the above-mentioned inorganic sul3Stanoe, 
an inorganic substance dried in a metiiod such as heat- 
treatment method, and containing substantially no watar 
is preferable, in case of inorganic substances whose 
water content cannot be visually confirmed, tempera- 
ture of said heat-treatment method is usually from 1 00 
to ISOCC, preferably from 100 to fOOO'C, and more 
preferably from 200 to 800°C. t-teating time is not par- 
ticularly limited, and preferably from 1 0 minutes to 50 
hours, and more preferably from 1 hourto 30 hours. Ex- 
amples of said heat-tTGatmsnt method are (i) heating 
while passing a dried inert gas such as nitrogen or argon 
at a constant flow rate, and (ii) heating under reduced 
pressure, 

10119] While an inorganic oxide has usually a hy- 
droxy I group on Its surface, !t is pemnitted to use a mod- 
ified inorganic oxide obtained by substituting an active 
hydrogen of said hydroxyl group with a various itind of 
a substituent. A preferable example of the substitusnt is 
a silyi group. Examples of a contact-treating agent, 
which agent is used for obtaining the modified inorganic 
oxide fay contact-treating the inorganic oxide therewith, 
are trialkyichlorosiianes such as trimethylchlorosiiane 
and tert-butyidimethylchlorostlane; triarylchiorosiianes 
such as triphenyichlorosilane; diaiicyldichlorosilanes 
such as dimethytdlchlorosilane; diary idichiorosilanes 
such as diphenyldichlorosilane; alkyltrichtorosilanes 
such as methyltrichlorosiiane; aryttrichlorosilanes such 
as phenyttfichiorosllane; trialkylallcoxysitanes such as 
Uimethylmethoxysilane; trlarylalifoxyslianes such as 
triphenylmethoxysllane; dla]|(yldlall<oxys)lanes such as 
dimethyldlmethoxysilane; diarykHalkoxysNanessuch as 
diphenyldimethoxysiiane; alkyitrialkoxysilanes such as 
methyltrlmethoxysilane; aiyltrlailtylsilwes such as phe- 
nyttrimethoxysllane; tetraalicoxysilanes such as tetram- 
ethoxysllane; ali<yldisilazanes such as 1,1,1 ,3,3,3-hex- 
amethyldisilazane; and tetrachlorosliane. 
[01 20] An average particle diameter of the particle (d) 
is preferably from 5 to 1 000 nm, more preferably from 
1 0 to 500 \im, and more preferably from 1 0 to 1 00 (xm; 
a pore volume thereof is preferably not less than 0.1 ml/ 
g, and more preferably 0.3 to 10 mi/g; and the specific 
surface area thereof is preferably from 10 to 1000 nfiJ 
g, and more preferably from 1 00 to 500 m^/g. 
[0121] The above-mentioned organic polymer used 
as the particle (d) is not limited. It is permitted to use a 
combination of more than one organic polymer. As the 
organic polymer, a polymer having an active hydrogen- 
carrying functional group or a functional group ofa non- 
proton-donating Lewis base is preferable. 
[0122] The above-mentioned active hydrogen-cany- 
ing functional group is not particularly limited. Exan^les 
thereof are a primary amino group, a secondary amino 
group, an imino group, an amide group, a hydraztde 
group, an ^idino group, a hydroxy gmup, a hydnaper- 
oxy group, a carboxyl group, a fbmiyl group, a car- 



bamoyl group, a sulfonic acid group, a sulfinic acid 
group, a sulfenic acid group, a thiol group, a thiofotmyl 
group, a pyrrolyl group, an imidazolyl group, a piperidyl 
group, an indazoiyi group and a cdrbazolyl group. 

s Among ttiem, preferable is a primary amino group, a 
secondary amino group, an imino group, an amide 
group, an imide group, a hydroxy group, a fomnyl group, 
a carboxyl group, a sulfonic acid group or a thiol group; 
and particularly preferable is a primary amino group, a 

10 secondary amino group, an amide group or a hydroxy 
group. These groups may be substituted with a halogen 
atom or a hydrocarbon group having 1 to 20 carbon at- 
oms. 

[0123] The above-mentioned functional group of a 
IS non-proton-donating Lewis base is not particularty lim- 
ited as far as it is afunctional group having a Lewis base 
portion containing no active hydrogen atom. Specific ex- 
amples thereof are a pyridyl group, an N-substltuted im- 
idazolyl group, an N-substituted indazoiyi group, anitrile 
20 group, an azido group, an N-substituted Imino group, an 
N, N-substituted amino group, an N, N-substituted ami- 
noxy group, an N,N, N-substituted hydrazine group, an- 
itroso group, anitro group, a nitroxy group, afuryi group, 
acarbonyigroup, athtocarbonyi group, an all<oxy group, 
25 an alicyioxycarbonyi group, an N,N-substltuted car- 
bamoyl group, a thioali<oxy group, a substituted sulfinyi 
group: B substituted sulfonyl group and a substituted 
sulfonic acid group. Among them, preferable is a hete- 
rocyclic group; more preferable is an aromatic hetero- 
30 cyclic group having an oxygen atom and/or a nitrogen 
atom in the ring; particuiany preferable is a pyridyl 
group, an N-substituted imidazolyl grot^) or an N-sub- 
stltuted IndazoyI grotq}; and the most preferable Is a py- 
ridyl group. These groups may be substituted with a hai- 
3S ogen atom or a hydrocarbon group having 1 to 20 car- 
bon atonns. 

[0124] The polymer having an acfive hydrogen-carry- 
ing functional group or afunctional group of a non-pro- 
ton-donating Lewis base is not particularly limited in an 
40 amount of such a functional group. The amount is pref- 
erably from 0.01 to 50 mmol/g, and more preferably from 
0.1 to 20 mmol/g in terms of an amount by mol of the 
functional group per g of the polymer. 
[0125] Examples of a process for producing the 
45 above-mentioned polymer are (t) a process comprising 
the step of homopolymerizing a monomer (Ml) having 
both an active hydrogen-carrying functional group and 
at least one polymerizabie unsaturated group, or having 
both afunctional group of a non-proton-donating Lewis 
so base and at least one polymerizabie unsaturated group; 
and a process comprising the step of copojymerizing 
said monomer (M1) with another monomer (M2) having 
a polymerizabie unsaturated group, it is recomnr^nda- 
ble to use these monomefB in combination with a 
ss crosslinking-poiymerizable monomer (M3) having at 
least two polymerizabie unsaturated groups. Ex^ples 
of the polymerizabie unsaturated group are alk^yl 
groups such as a vinyl group and an allyf group, and 
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alkynyl groups such as an ethyne group. 
[0126] Examples of the former monomer in the above 
monomer (M1) are a vinyl group-containing primary 
amine, a vinyl group-containing sKJondary amine, a vi- 
ny! group-containing amide compound and a vinyl s 
group-containing hydroxy compound. Specific exam- 
ples thereof are N-<1-ethenyl)amlne, N-{2-prQpenyl) 
amine, N-{1-ethenyi)"N-methylamlne, N-(2-propenyl) 
-N-methylamine, 1-ethenyIamide, 2-propeny)amide, N- 
methyi-(1-ethenyl)amide, N-methyl-(2-propenyl)amtde, io 
vinyl alcohol, 2-propen-1-o[ and S-butsn-l-ol, 
{01 27] Examples of the latter monomer in the above- 
mentioned monomer (M1) are vinylpyridine, vinyI(N- 
substituted)imidazo]es and vinyl(N-8ubstituted}lnda- 
zoles. IS 
[0128] Examples of the aisove-mentioned monomer 
(iW2) are ethylene, a-olefins and aromaticr vinyl com- 
pounds. ^Mcific examples thereof are ethylene, propyl- 
ene, 1-butene, 1-hexene, 4-methyl-1 -pentene and sty- 
rene. Of these, ethylene or styrene Is preferable, and It zo 
is permitted to use a combination of two or more thereof. 
[0129] DIvinylbenzene can be exemplified as the 
above-mentioned monomer (IVIS). 
[0130] An average particle diameter of the above- 
mentioned organic polymer is preferably from 5 to 1 000 ss 
Jim, and more preferably from 1 0 to 500 jun; a pore vol- 
ume thereof is preferably not less than 0.1 ml/g, and 
more preferably 0.3 to 1 o ml/g; and the specific surface 
area thereof is preferably from 1 0 to 1 000 m^/g, and 
more preferably from 50 to 500 m^/g, so 
[0131] As the above-mentioned organic polymer, an 
organic polymer dried in a method such as heat-treat- 
ment method, and containing substantially no water Is 
preferable. In case of organic polymers whose water 
content cannot be visually confirmed, temperature of ss 
said heat-treatment method is usually from 30 to 400°C, 
preferably from 50 to 200°C, and more preferably from 
70 to 150<>C. Meatingtlme is not particularly Hmlted, and 
preferably frrnn 30 minutes to 50 hours, end more pref- 
erably from 1 hour to 30 hours. Examples of seid'heat- ■ 40 
trea&nent method are (I) heating while passing a dried 
Inert gas such as nitrogen or argon at a constant flow 
rate, and (11) heating under reduced pressure. 
[01 32] A me^od for contacting the above-mentioned 
compound (a), compound (b), compound (c) and parti- *s 
cle (d) with one another is not particularly limited. The 
following methods are exemplified. Of these, methods 
1 , 2, 5, 11 or 12 is preferable. 

Method 1 comprising the steps of: so 
[0133] 

(1) contacting the compound (a) with the compound 

(b) to obtain a contact product, 55 

(2) contacting said contact product with the com- 
pound (c) to obtain a second contact product, and 

(3) contacting said second contact product with the 



paitKle (d). 
Method 2 comprising the steps of: 
[0134] 

(1 } contacting the compound (a) with the compound 

(b) to obtain a contort product, 

(2) contacting said contact product with the particle 
(d) to obtain a second contact product, and 

(3) contacting said second contact product with the 
compound (c). 

lUethod 3 comprising the steps of: 

[0135] 

(1 ) contacting the compound (a) with the compound 

(c) to obtain a contact product, 

(2} contacting said contact product with the com- 
pound (b) to obtain a second contact product, and 
(3) contacting said second conteu:t product with the 
particle (d). 

Method 4 comprising the steps of: 

|pi»] 

(1) contacting the compound (a) with the compound 

(c) to obtain a contact product, 

(2) contacting said contact product with the particle 

(d) to obtain a second contact product, and 

(3) contacting said second contact product with the 
compound (b). 

Method 5 comprising the steps of: 

[0137] 

(1) contacting thecompound (a) with the particle (d) 
to obt^n a contact product, 

(2) contacting said contact product vn^i the com- 
pound (b) to (AAsm a second contact product, and 

(3) contacting said second contact product with the 
compound (c). 

Method 6 comprising the steps of: 

[0138] 

(1 ) contacting the compound (a) with the particle (d) 
to obtain a contact product, 

(2) contacting said contact product with the com- 
pound (c) to obtain a second contact product, and 

(3) contacting said second contact product with the 
compound (b). 
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Method 7 comprl^ng the steps of: 
[0139] 

{1 ) contacting the compound (b) with the compound 
(c) to obtain a contact product, 

(2) contacting said contact product with the com- 
pound (a) to obtain a second contact product, and 

(3) contacting said second contact product with the 
particle (d). 

Method 8 confiprising the steps of: 

[0140] 

(1) contacting the compound (b) with the compound 

(c) to obtain a contact product, 

(2) contacting sad contact product wrth the particle 

(d) to obtain a second contact product, and 

(3) contacting said second contact product with the 
compound (a). 

Method 9 comprising the steps of: 

[0141] 

(1 } contacting the compound (b) witti the particle (d) 
to obtain a contact product, 

(2) contacting sard contact product with the com- 
pound (a) to obtain a second contact product, and 

(3) contacting said second contact product with the 
compound (c). 

Method 1 0 comprising the steps of: 

[0142] 

(1 } contac^ngthe compound (b) with the partide (d) 
to obtain a contact product, 

(2) contacting said contact product wRh the a>m- 
pound (c) to obtain a second contact product, and 

(3) contacting satd second contact product with the 
compound (a). 

Method 11 comprising the st^s of: 

[0143] 

(1 ) contacting the compound (c) with the compound 
(b) to obtain a contact product, 

(2) contacting said contact product with the com- 
pound (a) to obtain a second contact product, and 

(3) contacting said second contact product with the 
particle (d). 



IMethod 12 comprising the steps of: 
[0144] 

5 (1) contacting the compound (c) with the particle (d) 
to obtain a contact product, 

(2) contacting said contact product with the com- 
pound (b) to obtain a second contact product, and 

(3) contacting said second contact product with the 
10 compound (a). 

[014S] It is recommendable to carry out the above- 
mentioned contacts under an inert gas atmosphere. A 
contact temperature is usually from -1 00 to SOO^C, and 
IS preferably from -80 to 200'C. A contact time is usually 
from 1 minute to 200 hours, and preferably from 1 0 min- 
utes to 1 00 hours. The contact is canrled outwith or with- 
out a solvent. 

[01 46] As the solvent, a solvent, which does not react 
^ witfi any of the compuj nds (a) to (c) and the particle and 
any of the contact products. Is usualy used. IHowever, 
it is pennitted to use any solvent, which reacts with any 
of the compounds (a) to (c) but does not react with tiie 
above-mentioned any contact product. For example, it 
2S is penmltted to use any solvent bi the step (1) of the 
above-mentioned Method 1, which solvent reads with 
the compound (a), but does not rea/A wfth the conta<a 
product obtained in said step. 
pi47] Examples of the solvent are non-polar solvents 
30 such as aliphatic hydrocarbon solvents and aromatic hy- 
drocatt>on solvents; and polar solvents such as halide 
solvents, ether solvents, alcohol solvents, phenol sol- 
vents, catbonyl solvents, phosphoric acid derivatives, 
nitrite solvents, nitro compounds, amine solvents and 
sulfur compounds. 

p)1 48] Specfflc examples thereof are aliphatic hydro- 
ceubon solvents such as butane, pentane, hexane, hep- 
tane, octane, 2,2,4-trimethylpentane and cyclohexane; 
aromatic hydrocarbon solvents such as benzene, tolu- 

*o ene and xylene; halide solvents such as dichloromsth- 
ans. dlchlorodiriuorometiians, ohionoform, 1,2-dlchlo- 
roethane, 1 ^-dibromoethane, 1,1,2-trichloro-1,2,2-tr1f- 
iuoroethane, tetrachlorosthylene, chlorobenzene, bro- 
mobenzene and o-dichioiDb«izene; ether solvents 

« such as dimethyl ether, diethyl ether, diisopropyl ether, 
di-n-buty! ether. methyl-tBrt-butyl ether, anisole, 1 ,4-di- 
oxane, 1 ,2-dimethoxyethane, bi6(2-methoxyethyO 
ether, tetrahydrof uran and tetrahydropyran; alcohol sol- 
vents such as methanol, ethanol, 1-propanol, 2-propa- 

so nol, 1-butanoi, 2-*)utanol, 2-methyl-1-propanol, 3-me- 
thyl-1-butanol, cyclohexanol, benzyl alcohol, ethylene 
glycol, propylene glycol, 2-methoxy ethanol, 2-6thoxy 
ethanol, diethylene glycol, trietJiylene glycol and glycer- 
ol; phenol solvents such as phenol and p-cresol; carb- 

ss onyi solvents such as acetone, ethyl methyl ketone, cy- 
clohexanone, acetic anhydride, ethyl acetate, butyl ac- 
etate, ethylene c^onate, propylene cari»nate, N,N- 
dimethylfomiamlde, N,N-dbiethylacetamide and N-me- 
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tliyl-2-pyiTOlldon8; phosphoric odd dertvatives such as 
hexamethylphosphate triamkJe and triethyl phosphate; 
nitrite solvents stich as acetonittile, propionitriie, succl- 
nonitnie and benzonitrile; nitro compounds such as nl- 
tromethane and nitrobenzene; amine solvents such as s 
pyridine, piperidine and morpholine; and sulfur com- 
pounds such as dimethyisulfoxide and sulfolane. 
[0149] As a solvent used in the respeofive steps (2) 
of the above processes 1, 3 and 7, preferable are 
aliphatic hydrocarbon solvents, aromatic hydrocarbon io 
solvents or ether solvents; and as a solvent used in the 
respective steps (3) thereof, preferable are polar sol- 
vents. 

[01 50] There is l<nown an £/< value as an index indi- 
cating a polarity of a solvent (C. Reichardt, "Solvents is 
and Solvents Effects in Organic Chemistry", 2nd ed., 
VCH Verlag (1988)). In the present invention, a solvent 
satisfying 0.8 S Ej^ a 0.1 is particularly preferable. Ex- 
amples of such a solvent are dichloromethane, dbhlo- 
rodifluoromethane, chloroform, 1,2-dichloroethane, 2o 
1 ,2-dibromoethane, 1 ,1 ,2-trichloro-1 ,2,2-trlfluor- 
oethane, tetrachloroethylene, chlorobenzene, bm- 
mobenzene, o-dtohlonobenzene, dimethyl ether, diethyl 
ether, diisopnwl ether, di-n-butyt eth«-. methyl tert- 
butyl ether, anisole, 1 ,4-dioxane, 1 ,2-dinwlhoxyethane, 25 
bis(2-m6thoxyethyI) ether, tetrahydrofuran, tetrahydro- 
pyran, methanol, ethanol, 1-prDpanol,2-prt^anol, 1-bu- 
tanol, 2-butanol, 2-methyl-1-propanol,3-methyl-1-buta- 
nol.oyclohexanol.benzyl alcohol, ethylene glycol, pro- 
pylene glycol, 2-methoxy ethanol. 2-ethoxy ettianol, di- ao 
ethylene glycol, trlethylene glycol, acetone, ethyl methyl 
ketone, cyclohexanone, acetic anhydride, ethyl acetate, 
butyl acetate, ethylene carbonate, propylene carbonate, 
N,N-dimethylfomfiamlde, N,N-dlmethylacetamide, N- 
methyl-2-pyrrolidone, hexamethylphosphate triamide, as 
triethyl phosphate, acetonitrile, propionitriie, succinoni- 
trile, benzonitrile, nitromethane, nibobenzene, ethylen- 
edlamlne, pyridine, piperidine, morpholine, dimethyisul- 
foxide and sulfolane. Among them, ftirther preferable 
are dimethyl ether, diethyl ether, diisopropyl ether, di-n- 40 
butyl ether, methyl tert-butyl ether, anisote, 1,4-dioxane, 
1,2-dlmethoxyethane, bis(2-methoxyethyl) ether, tet- 
rahydrofuran, tetrahydropyran, methanol, ethanol, 
1-propanol, 2-propanol, 1-butano!, 2-butanol, 2-methyl- 
1-propanol,3-m6thyl-1-butanol,cyclohexanol,benzyl al- 45 
cohol, ethylene glycol, propylene glycol, 2-methoxy eth- 
anol, 2-ethoxy ethanol, diethylene glycol and triethylene 
glycol; parttcularly pref^'able are di-n-butyl ether, me- 
thyl tert-butyl ether, 1 ,4-dloxane, tetrahydrofuran, metti- 
anol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-bu- so 
tanol, 2-methyl-1i3ropanol, 3-methyl-1-butan and cy- 
clohexanol; and tiie most preferable are tetrahydro- 
furan, methanol, ethanol, 1-propanol and 2-propanol. 
[0151] The abovenmentioned polar solvents can be 
used as a mixed solvent In combination with hydrocar- 55 
bon solvents such as aliphatic hydrocarbon solvents 
and aromatic hydrocarbon solvents. Examples of the 
mixed solvent are a hexane/methanol mixed solvent, a 



hexane/^anol mixed solvent, a hexane/l-prop^ot 
mixed solvent, a hexane/2-prapanol mixed solvent, a 
heptaneAnethanof mixed solvent, a heptane/ethanol 
mixed solvent, a heptane/1-prapanol mixed solvent, a 
heptane/2-propanot mixed solvent, a toluene/lnethanol 
mixed sclent, a toluene/ethanol mixed solvent, a tolu- 
ene/1 -propanol mixed solvent, a toluena/2-propanol 
mixed solvent, a xylene/methanol mixed solvent, a xy- 
lene/ethanol mixed soh^ent, a xylene/1 -propanol mixed 
solvent and a xylene/2-propanol nnixed solvent. Among 
them, preferable are a hexane/methanol mixed solvent, 
a hexane/ethanol mixed solvent, a heptane/methanoi 
mixed solvent, a heptane/ethanol mixed solvent, atolu- 
ene/methanol mixed solvent, a toluene/ethanol mixed 
solvent, a xylene/methanol mixed solvent and a xylene/ 
ethanol mixed sotvent; more preferable are a hexane/ 
methanol mixed solvent, a hexane/ethanol mixed sol- 
vent, a toluene/methanoi mixed solvent and a toluene/ 
ethanol mixed solvent; and the most preferable is a tol- 
uene/ethanol mixed solvent. A proportion of ethanol in 
the toluene/ethanol mixed solvent is preferably from 1 0 
to 50% by volume, and more preferably from 15 to 30% 
by volume, provided that the mixed solvent is 1 00% by 
volume. 

[0152] As a solvent used In each step (2) of theabove- 
mentioned Methods 1 . 3 and 7, and as a solvent used 
in each step (3) thereof, a hydrocarbon solvent may be 
used. In this case, the shorter a time Inten/al between a 
finishing time of step (2) and a starting time of step (3), 
the more prefer^le. Said time interval ispr^erablyfrom 
0 to 5 hours, more preferably from 0 to 3 hours, and the 
most preferably from 0 to 1 hour. A contact temperature 
in step (3) Is usually from -lOCC to 40"C, preferably 
from -20'C to ZOO'C, and the most preferably from 
-10"Cto10'C. 

[0153] While a solvent used In the above Methods 2, 
5, 6 and B to 12 may be a non-polar solvent or a polar 
solvent, a non-poiar solvent is preferable, because it is 
considered that any contact product obtained according 
to these Methods has usually a lowsolubility to the non- 
polar solvent, and therefore, the contact pmduct is easy 
to deposit (easy to fix) on the surface of the particle (d) 
when the contact produrt and the particle (d) co-exist in 
the non-polar solvent. 

[D154] Amounts of respective compounds (a) to (c) 
mentioned above are not particularly limited. It is pref- 
erable that y and z substantial ly satisfy the fol lowing for- 
mula (1), provided that a molar ratio of the amounts of 
nespectire compounds is eiqaressed by compound (a): 
compound (b): compound (c) = 1 ; y : z. In this formula, 
m is a number corresponding to a valence cf Mi. 

lm-y-2ziS1 (1) 

[0155] In this formula, y is preferably from 0.01 to 
1.99, more preferably from 0.10 to 1,80, much more 
preferably from 020 to 1.50, and the most preferably 
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from 0.30 to 1 .00, A preferable amount, a more prefer- 
able amount, a much more preferable amount and the 
most preferable amount of 2 can be detennined by re- 
placing m and y in the above fonnula (1) by a valence 
of M"" and a value given above fory, respectively. 
[0156] An amount of the particle (d) used in the prep- 
aration of the particle (1) Is such that an amount of a typ- 
IcEd metal atom contained in 1 g of the particle obtained 
by contact between the compound (a) and the particle 
(d) is preferably not less lhan 0.1 mmoi, and more pref- 
erably from 0.5 to 20 mmol. 

[0157] In the ^ove-rrwnttoned Methods 1 to 12, It is 
reoommendable to add a heating step after each step 
(3) in order to further advance the reaction. In this addi- 
tional step, it Is preferable to use asolvent having a high 
boiling point to cany out the heating at a highertemper- 
ature. For this reason, it Is permitted to replace the sol- 
vent used in steps (1 ) to (3) with another solvent having 
a higher boiling point. 

[0158] It is permitted that the particle (I) contains un- 
reacted compounds (a) to {c) and unreacted particle (d). 
However, it Is preferable to wash the particle (I) with a 
solvent to remove said unreacted materials. Said sol- 
vent may be the same as or different from that used for 
the preparation of the particle (I). 
[0159] The particle (I) separated from the reaction 
mixture obtained according to the above-mentioned 
IVIethods through solid-liquid separation is preferably 
dried under reduced pressure. The drying is can-led out 
preferably at a temperature of not lower than 25°C for 
a drying period of time of 1 hourto 24 hours, more pref- 
erably at 40°C to 200*C for 1 to 24 houre, much more 
preferably at 60 "C to 200"C for 1 to 24 hours, particu- 
larly preferably at 60*C to 1 60"C for 2 to 1 8 hours, and 
the most prefer^ly at SO'C to 1 60°C for 4 to 1 B hours. 
[01 GO] As the aluminoxane used for the preparation 
of ttie above-mentioned particle (I), the cyclic aluminox- 
ane having a structure r^rosented by the formula, {-Al 
the linear eluminoxEuie having a structure rep- 
resented by the fonnula, E3{-AI(E3)-0-}eAIE32 or a mix- 
ture thereof is preferable. In these fomiulas, and E^ 
are independently of one another a hydrocarbyl group; 
all £2 and all may be the same or different; Z is a 
hydrogen atom or a halogen atom; ^1 Z may be the 
same or different; a is a number satisfying 0 < a £ 3; b 
is an integer of r»t less than 2; and c is an integer of not 
less than 1. 

[0161] As said hydrocarbyl group, that having 1 to 8 
carbon atoms is preferable , and an alityl group Is more 
prefen-ed. Examples of the above-mentioned & and 
are allcyl groups such as a methyl group, an ethyl group, 
a niaropyl group, an isopropyl group, a n-butyi group, 
an isobuty! group, a n-pentyl group and a neopentyl 
group. Preferably, & and E^ are each a methyl group 
or an isobutyl group, fa is 2 to 40, and c is 1 to 40. 
[01 62] A process for producing the above^entioned 
aluminoxane is not particularty limited, and may be a 
conventional one. As the process, there are exemplified 



(1 ) a process comprising the steps of (1) dissolving a tri- 
alltylaluminum such as trimethyialuminum in an organic 
solvent such as benzene , toluene and an aliphatic hy- 
drocaibon and (il) contacting the resulting solution with 

s water with each other, and (2) a process comprisi ng the 
step of (t) contacting a trialkylalumlnum such as trimeth- 
ylalumlnum with a metal salt containing crystal water 
such as copper sulfate hydrate with each other, It Is con- 
sidered that the aluminoxane obtained according to 

10 those processes is a mixture of the cyclic aluminoxane 
and the linear aluminoxane. 

[0163] A method for contacting the aluminoxane with 
the particle (d) Is not limited. For example, the contact 
can be completed by adding the aluminoxane to a dis- 

IS persion prepared by dispersing the particle (d) in a sol- 
vsnt As the solvent, the ^ove-mentioned solvents ex- 
empiHiadforthB praparBtion of the particle (!) are exem- 
plified. Among these, a solvent which does not react with 
the aluminoxane is preferable, and a solvent which d)s- 

20 solves the aluminoxane is more preferable. As the sol- 
vent, aromatic hydrocarbon solvents such as benzene, 
toluene and xylene, or aliphatic hydrocarbon solvents 
such as hexane, heptane and octane are preferable, 
and toluene or xylene is much more preferable. 

25 [0164] A temperature and time for flie above-men- 
tioned contact are not limited. The temperature Is usu- 
ally from -100°C to 200''C, preferably from -50°C to 
IBCC, and more preferablyfrom -20''C to 120''C. Since 
an exothermic reaction proceeds at an initial stage of 

30 the contact, It Is recommendable to carry out the contact 
at a low temperature in orderto control heat generation. 
Amounts of the aluminoxane used and the particle (d) 
used are not limitBd. The aluminoxane Is used In an 
amount of usually from 0.01 to 100 mmol, preferably 

as from 0.1 to 20 mmol, and more preferably from 1 to 1 0 
mmof as a total amount of the aluminum atom contained 
In the aluminoxane used, per 1 g of the particle (d). 
[0165] it is preferable that each of the above-men- 
tioned particles (1) and (II) is used in combination with 

^ an organoaUjminum compound. 

[0166] Said organoaluminum compound may be a 
conventional one. A prefaraUe compound is that repre- 
sented by the following fonnula [7]. In this fomiuia, 
is a hydrocarbyl group, and all ^ may be the same or 

4S different; Y is a hydrogen atom, a halogen atom, an 
all(Dxy group, an aralkytoxy group or an aryoxy group, 
andallYmaybethe same or different; and c is a n umber 
satisfying 0<c S3. 

so 4 

R cAIYs-c [7] 

[01G7] In the fonnula [7], is preferably a hydrocar- 
byl group having 1 to 24 carbon atoms, and more pref- 
erably an alkyi group having 1 to 24 carbon atoms. Ex- 
amples thweof are a methyl group, an ethyl group, a n- 
propyl group, a n-butyl group, an isobutyl group, a n- 
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hexyl group, a2-methylhexyl group and a n-octyi group. 
Of these, an ethyl group, a n-butyl group, an isobutyl 
group, a n-hexyl group and a n-octyl group are prefera- 
ble. 

[01 68] Examples of the halogen atom as Y In the for- 
mula [7] are a fluorine atom, a chlorine atom, a bromine 
atom and an Iodine atom. Of these, a chlorine atom is 
prefen-ed. 

[01 69] As the alkoxy group as Y In the formula [7], that 
having 1 to 24 carbon atoms is preferable. Examples 
thereof are a methoxy group, an ethoxy group, a n-pro- 
poxy group, an isopropoxy group, a n-butoxy group, a 
sec-butoxy group, a tert -butoxy group, a n-pentoxy 
group, a neopentoxy group, a n-hexoxy group, a n-oc- 
toxy group, a n-dodecoxy group, a n-pentadecoxy group 
and a n-elcosoxy group. Of these , a methoxy group, an 
ethoxy group or a tert -butoxy group Is preferable. 
£0170] As the arytoxy group as Y In the fomiula [7], an 
ar)^oxy group having 6 to 24 carbon atoms is preferable. 
Exanrples thereof are a phenoxy group, a 2-metfiylphe- 
noxy group, a 3-methylphenoxy group, a 4-methylphe- 
noxy group, a 2,3-dlmethylphenoxy group, a 
2,4-dimethyfphenoxy group, a 2,S-dimethylphenoxy 
group, a 2,e-dimethy)phenoxy group, a 3/^d^methyl- 
phenoxy group, a 3,5-dlmethylphenoxy group, a 

2.3.4- trim9thylphenoxy group, a 2,3,5-trimethylphenoxy 
group, a2,3,6-trimethylph6noxy group, a 2,4,5-trimeth- 
ylphenoxy group, a 2,4,6-trimethylphenoxy group, a 

3.4.5- trim9thylphenoxy group, a 2,3,4,5-tetramethyl- 
phenoxy group, a 2,3,4,6-tetramethyIphenoxy group, a 
2,3,S,6-tetramethylphenoxy group, a pentamethylphe- 
noxy group, an ethylphenoxy group, a n-propylphenoxy 
group, an Isopropylphenoxy group, a n-butylphenoxy 
group, a sec-butyiphenoxy group, a tert-butylphenoxy 
group, a n-hexylphenoxy group, a n-octylpheno)cy 
group, a n-decylphenoxy group, a n-tetradecylphenoxy 
group, a naphthoxy group and an anthrathenoxy group. 
[01 71 J As the aralkyloxy group as Y in the fonnula [7] , 
an araiykyloxy group ha^ng 7 to 24 cartson atoms is 
preferable. Examples thereof are a benzyfoxy group, a 
(2-methy^henyl)methoxygroup, a(3HTnBaiylphenyf) 
methoxy group, a (4-methylphenyI)methoxy group, a 
(2,3-dlmefty^henyl)methoxy group, a (2,4-dimethyl- 
phenyl)methoxy group, a {2,5-dimethylphBnyOmethoxy 
group, a (2,6-d1meth^phenyl)mathoxy group, a 
(3,4-dimethylphenyl)mettioxy group, a (35-dimethyl- 
phenyl)methoxy group, a (2,3,4-trfmethylphenyl)me1h- 
oxy group, a (2,3,5-trimethylphenyl)methoxy group, a 
(2,3,6-trimethylphenyOmethoxy group, a (2,4,5-trimeth- 
ylphenyl}me1hoxy group, a (2,4,6-trimethy)phen5ri) 
methoxy group, a (3,4,5-trimethylpheny!)methoxy 
group, a (2,3,4,5-tetramethylphenyl)methoxy group, a 
{2,3,5,6-tetramethylphenyl)methoxy group, a (pentam- 
ethylphenyl)methoxy group, an (ethylphenyl)methoxy 
group, a (n-propytphenyl)methoxy group, an (Isopropyl- 
phenyl)methoxy group, a(n-buti^phenyl)methoxy 
group, a (se(M5utyiphenyl)methoxy group, a (tert-butyl- 
phenyl)metiioxy group, a (n-hexylphenyl)methoxy 



group, a (n-octylphenyl)m ethoxy group, a (n-decylphe- 
nyi)methoxy group, a (n-t6tradecylphenyl)methoxy 
groupi a naphthylmethoxy group and an anthrathenyl- 
methoxy group. Of these, a benzyloxy group Is prefera- 
s ble. 

[0172] Examples ofthe compound represented bylhe 
above formula [7] are trialkylaluminums such as trlmeth- 
ylaluminum, triethylaluminum, tri-n-propylalumlnum, tri- 
n-butylaiuminum, trilsobutylatuminLim, tri-n-hexylalumi- 
'0 num andtri-n-octylaluminum; dialkylalumlnum chlorides 
such as dimethylafuminum chloride, diethytaluminum 
diloride, di-n-propyl aluminum chloride, di-n-butyialumi- 
num chloride, dlisobutylaluminum chloride, di-n-hexyla- 
lumlnum chloride anddi-n-octylaluminum chloride; alky- 
is taluminum dlchlorides such as methylaluminum dichlo- 
ride, ethytaluminum dichloilde, n-propylalumlnum 
dlchloride, n-butylaliminum dichloride, Isobutylalumi- 
num dlchloride, n-hexylalumlnum dichloride and n-ody- 
laluminum dichloride; dialkylaluminum hydrides such as 
so dimethyialuminum hydride, diethv^aluminum hydride, 
di-n-pm^ylaluminum hydride, di-n-butylalumlnum hy- 
dride, dlisobutylaluminum hydride, di-n-hexylaluminum 
hydride and di-n-octylaluminum hydride; trialkoxyaiuml- 
nums sudi as trimetiioxyaluminum, triethoxyalumlnum 
2s and trKtert-butoxy)aluminum; alkyi (dialkoxy)aIumlnums 
such as melhyi(dlmethoxy)aluminum, methyl(diethoxy) 
aluminum and methyl{dl-teit-butoxy)a)umlnum; diall^ 
(alkoxy)alumlnums such as dimethyl(methQxy)aluml- 
num, dimethyl{ethoxy)aluminum and dlmethyl(tert-bu- 
30 toxy) aluminum; triaryloxyatuminums such as triphe- 
noxyaluminum, tris{2,6-diisopropytphenoxy)alumlnum 
and tris(2,B-diphenylphenoxy)aluminum; alkyl(diary- 
loxy)aluminums such as methyl(d)phenoxy)aluminum, 
methylbis(2,6-diisopropylphenoxy)aiuminum and meth- 
35 ylbis(2,6-dlphBnylphenoxy)aluminum; and dlalkyl(ary- 
loxy)aluminums such as dimethyl(phenoxy)aluminum, 
dimethyl(2,6-diisopropylphenoxy)alumlnum and dime- 
thy{(2,6-diphenylphenoxy)a!umlnum. 
[0173] Of these, trialkylaluminums are preferable, tri- 
40 methyl^uminum, triethylaluminum, tri-n-butylalumi- 
num, tril6<*utyialuminum, tri-n-hexyiaiuminum or trl-n- 
octylalumtnum Is more preferable, and triisobutylaluml- 
num ortri-n-octylaluminum is particulariy preferable. 
[0174] It is pemnltted to use a combination of two or 
45 mora of lumlnum compounds mentioned above. 
[0175] An amount ofthe catalyst conrponent (A) used 
is usually from 1 x 1 0-s to 1 x 1 mol, and preferably 
from5xl0-«to5x 10-4molper1 g of the particle (D). 
An amount of the organoalLtminum compound used Is 
so preferablyfrom 0.01 to 10,000, more preferably from 0.1 
to 5,000, and the most preferablyfrom 1 to 2,000, which 
is expressed by a ratio, "quantity (mol) of an aluminum 
atom contained in the organoatuminum compound 
/quantity (mol) of a transition metal atom contained In 
55 the catalyst component (A)". 

[0176] In the process for producing an addition poly- 
mer in accordance with the present invention, it is per- 
mitted that (1 ) respective oonponents mentioned ^ove 
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are contacted with one another to obtain a catalyst for 
addition polymerization, which is then fed into a polym- 
erization reaction apparatus, or (2) respective compo- 
nents mentioned above are fed separately into the po- 
lymerization reaction apparatus, in which respective 
components are contacted with one another to obtain 
the catalyst for addition polymerization. When the cata- 
lyst component (A), the particle (D) and the organoalu- 
minum compound are used, it is permitted tiiat any two 
components of those cc»Tiponents are oontacted with 
each other, and tiiereafter the remaining one is added 
thereto to further carry out the contact. 
p»177] A nrothod for feeding re^>ectivB components 
for the catalyst into a reactor is not particulariy limited. 
For example, (1 ) respective conponente for the catalyst 
may be fed thereto in a form of a solid, or (2) respective 
components forthe catalyst may be fed thereto in a form 
of a soiution, a suspension or a slurry prepared using a 
hydrocarbon solvent, wherein deactivation materials to 
the catalyst components such as water and oxraen 
have been sufficaently removed from the solvent in ad- 
vance. 

[0178] in said feeding methods, a concentration of the 
particle {D) is usually from 0.01 to 1000 g/liter, and pref- 
erably from 0.1 to 500 g/ilter. A concentration of the or- 
ganoaluminum compound is usually from 0.0001 to 1 00 
mol/ilter, and preferably from 0.01 to 10 moi/liter as a 
total amount of the Ai atom contained in said compound. 
A concentration of the catalyst component (A) is usually 
from 0.0001 to 1 000 mmol/liter, and preferably from o.o 1 
to 50 mmol/liter as a total amount of the transition metal 
atom contained in said conriponent. 
[0179] A polymerization method In the process for 
producing an addition polymer in accordance with the 
present Invention Is not patticuiarly limited. There are 
exemplified (1) a gas phase polymerization method 
comprising the step of polymerizing a gaseous mono- 
mer in a gas phase, (2) a solution polymerization meth- 
od using a soh^ent, (3) a aiuny pdymerlzallon method 
using a solvent, and (4) a bullc poiymerizatlon method 
using a monomer itself to be polymerized as a solvent. 
Examples of the solvent are aliphatic hydrocaibon sol- 
vents such as butane, pentane, hexane, heptane and 
octane; aromatic hydrocarbon solvents such as ben- 
zene and toluene; and halogenated hydrocarbon sol- 
vents such as methylene chloride. 
[0180] As a polymerization manner in the process for 
producing an addition polymer in accordance with the 
present invention, a batch polymerization manner and 
a continuous polymerization manner are exemplified. 
Said process may contain two or more steps, which are 
different in their reaction conditions. It is pemiitted to ap- 
propriately detemriine a polymerization time depending 
upon a kind of an adcftion polymer obtained and a re- 
action apparatus. The fime is usually from 1 minute to 
20 hours. 

[0181] A method and conditions of tiie slurry polym- 
erization method are not limited and may be convention- 



al. Preferable is a method using a continuation system 
reactor, according to which components such as a mon- 
omer, a comonomer, materials to be fed and a diluent 
are continuously fed Into the reactor, and the addition 
s polymer Is recovered from the reactor continuously or 
periodically. As the reactor, (1) a loop reactor and {2) a 
reactor composed of more than one stirring type reactor 
different in a fom and a reaction condition, which are 
connected in series or in parallel, or a combination 
'0 thereof, are exemplified. As the above-mentioned dilu- 
ent, inert diluents (mediums) such as parafTm, cyciopar- 
affin and an aromatic hydrocarbon are exemplified. 
[0182] A temperature of the polymerization reactor or 
a reaction zone is usually from about 0°C to about 
15 150»C, and preferably from 30°C to 1 0CC. A pressure 
is usually from about 0.1 MPato about 10 IMPa, and pref- 
erably from 0.5 MPa to SMPa. It is penmlttBd to adjust 
the pressure to a degree under which (i) the catalyst can 
be maintained in a suspension state, (11) tiie medium and 
so at least a part of the monomer and the comonomer can 
be maintained in a liquid phase, and (III) the contact be- 
tween the monomer and the comonomer can be at- 
tained. The medium, temperature and pressure may be 
selected so as to produce and rscoverthe solid and par- 
25 ticulate addition polymer. 

[0183] A molecular weight of the addition polymer ob- 
tained can be controlled in a conventional manner, such 
as (1 ) a manner of controlling a temperature of a reac- 
tion zone, and (2) a manner of introducing hydrogen. 
3D [01 84] Respective components mentioned above are 
fed Into the reactor or a reaction zone in any order. As 
a feeding method, (1) a method of feeding respective 
components at the same time, and (2) a method of feed- 
ing them one after another are exemplifted. It Is pennlt- 
35 ted that respecthre comjTonents for the catalyst are con- 
tacted with one another under an Inert atmosphere prior 
to contact with the monomer and the comonomer. 
[0185] A method and conditions of the gas phase po- 
lymerization method mentioned above are not limited 
40 and may be conventional. As a reaction apparatus, a 
fiuidiZBd bed type reaction vessel is exenplified. A flu- 
idlzed bed type reaction vessel having an enlarged por- 
tion is p^ularly preferred. Said raaction vessel may 
have a stirring blade. 
4S [0186] As a method for feeding respecthre compo- 
nents into the polymerization vessel, (1) a method of 
feeding them in a water free state using an inert gas 
such as nitrogen and argon or a gas such as hydrogen 
and ethylene, and (2) a method of feeding them in a so- 
so lution or a sluny state using a solvent. Each component 
forthe catalyst may be fed independently. Altematively, 
any components may be contacted in advance with one 
another in an any order, and thereafter Hie contact prod- 
uct may be fed. 
ss [0187] A polymerization temperature Is lower than 
ttiat at which ttie addiHon polymer is melted, preferably 
from 0"C to ISCC, and particulariy preferably from 
SO^C to 100»C. In orter to control melt flow property of 
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the addition poller obtained, it is permitted to add hy- 
drogen as a molecular weight regulator. The mixed gas 
to be polymerized may be comtjined with an inert gas. 
[0188] In the present invention, a pre-polymerization 
mentioned below may be cairled out prior to the above- 
mentioned polymerization (real polymerization). 
[0189] The pre-polymerization means a step of po- 
lymerizing a small amount of an olefin in the presence 
of the catalyst component (A) and the particle (D), and 
if desired, the organoalumlnum compound. It is recom- 
mendable to cany out the step in a slurry state. As a 
solvent used for formation of the slurry, inert hydrocar- 
bons such asprt^ane, butane, isobutane, pentane, iso- 
pentane, hexane, heptane, octane, cyclohexane, ben- 
zene and toluene are exemplified. A part or the total 
amount of ^e inert hydrocarbon may be replaced by a 
liquefied olefin. 

[0190] An amount of the origanoaluminum compound 
used in the preijolymerizatlon is from 0.5 to 700 mol, 
preferably tram 0.8 to 500 mol, and particularly prefer- 
ably from 1 to 200 mol, per 1 mol of the catalyst compo- 
nent (A). 

[0191] An amount of the olefin to be pre-polymertzed 
is usually from 0.O1 to 1 000 g, preferably from 0.05 to 
500 g, and particularly preferably from 0.1 to 200 g, per 
1 g of the particle (D). 

[0192] A slurry concentration in the pre-polymeriza- 
tion is preferably from 0.1 to 50 g-particle (D)/Iiter-sol- 
vent, and particularly preferably from 0.5 to 20 g-particie 
(D)/liter-solvent. A pre-polymerization temperature is 
preferably from -20»C to 1 0O'C, and particularly prefer- 
ably from CC to 80=C. A partial pressure of the olefin 
in the gas phase of the pre-poiymerizatlon is preferably 
from 0.001 MPa to 2 MPa, and particularly preferably 
from 0.01 MPa to 1 MPa, provided that an olefin which 
Is a liquid under the pre-polymerization pressure at the 
pre-polymerlzatlon temperature is not limited thereto. A 
pre-polyn»rlzatlon time is not partlcutarly limited, and a 
period of time from 2 minutes to 15 hours Is usually suit- 
able. 

[0193] As a method for feeding the catalyst compo- 
nent (A), the particle (D), the organoalumlnum com- 
pound and the olefin into the pre-polymerizatlon, (1) a 
method wmerein the catalyst component (A) andthe par- 
ticle (D), and if desired the organoalumlnum compound 
are contacted with one another, and thereafterthe olefin 
is fed thereto, (2) a method wherein the catalyst com- 
ponent (A), the particle (D) and the olefin are contacted 
with one another, and thereafter the organoalumlnum 
compound is fed thereto, and (3) a method wherein the 
organoaluminum compound and the catalyst compo- 
nent (A) are contacted with each other In the presence 
of the olefin, and thereafterthe particle(D) is fed thereto 
are exemplified. Particularly, preferable Is a method 
wherein the olefin already exists at the time of contacting 
the particle (D) andthe organoaluminum compound with 
eacrfi other. 

[0194] As a method for feeding the olefin, there are 



exemplified (1) a method wherein the defln is fed one 
after another while maintaining the pressure in the po- 
lymerization vessel to a predetermined degree, and (2) 
a method wherein the predetemiined total amount of the 

s olefin Is ted in the first place, in order to regulate a mo- 
lecular weight of the polymer obtained, 11 is pemiitted to 
add a chain transfer such as hydrogen. 
[0195] in the present Invention, the product obtained 
accordingto the pre-polymerizatlon is used asacatatyst 

10 componentoracatalystforthe real polymerization. Said 
catalyst component is a catalyst component obtained by 
pre-polymerizing the olefin in the presence of a primary 
catalyst, which primary catalyst is obtained by contact- 
ing the catalyst component (A) and the particle (D), and 
if desired, the organoaluminum compound with one an- 
other; and said catalyst is a catalyst obtained by pre- 
polymerizing the olefin in the presence of a primary cat- 
alyst, which primary catalyst is obtained by contacting 
the catalyst component (A) and the particle (D), and If 
desired, the organoaluminum compound with one an- 
other, 

[0196] Examples of the monomer used in the process 
for produdiKf an addition polymer in accordance wWi 
the present Invention are olefins having 2 to 20 caiton 
atoms , diolefins, cyclic olefins , alkenyl aromatic hydro- 
carbons and polar monanais, and a combination of at 
least two kinds thereof. 

IP197] Specific examples of the monomer are olefins 
such as ethylene, propylene, 1-butene, 1-pentene, 

4- methyl-1-pent»ne, 5-methyl-1-hexene, 1-hexene, 
1-heptene, 1-octene, 1-nonene and 1-decene; diolefms 
such as 1,5-hexadiene, 1,4-hexadiene, 1 ,4-pentadiene, 
1 ,7-octadlene, 1,B-nonadiene, 1,9-decadlene, 4-me- 
thyl-1 ,4-hexadl9ne, 5-msthyt-1 ,4-hexadiene, 7-methyl- 
1 ,6-octadiene, 5-ethylidene-2-nofbornene, dicyclopen- 
tadiene, 5-vinyi-2-norbomene, 5-methyl-2-nori3omene, 
norbomadiene, 5-methylene-2-norbomene, 1,5-cy- 
ctooctadiene, 5,8-endomethylenehexahydronaphtha- 
iene, 1 ,3-butadlene, isoprene, 1 ,3-hracadiene, 1 ,3-octa- 
diene, 1 ,3-cyclooctadiene and 1 ,3-cyc!ohexadiene; cy- 
clic olefins such as norbomene, S-methylnorbornene, 

5- ethylnorbomene, 5-butylnorbornene, 5-phenylnor- 
bomene, S-benzylnorbornene, tetracyclododecene, tri- 
cydodecene, trcycioundecene, pentacyclopenta- 
deeene, pentacyclohexadecene, 8-methyltetracyclodo- 
decene, 8-ethyltetracyclododecene, 5-acety!nor- 
bomene, 5-acetyioxynorbomene, 5-methoxycarbonyl- 
notbomene. 5-ethoxycarbonytnorbornene, 5-methyl- 
5-methoxycstt)onylnort>ornene, 5-cyanonorbornene, 
8-methoxycarbony{t^acyck>dodecene, 8-methyl-8-tdt- 
racyclododecene and 8-cyanotetracyclododecene; 
alkenyl aromatic hydroeaitons Induding alkenylben- 
zenes such as styrene, 2-phenylpropylfflie, 2-phenyl- 
buteneandS-phenylpropyiene; alkylstyrenes such as p- 
rrtethylstyrene, m-methylstyrene, o-methylstyrene, p- 
ethyistyrene, m-ethylstyrene, o-ethylstyrene, 
2,4-dimethytetyrerte, 2,5-dimethyls^ene, 3,4-dimethyl- 
sfyrene, 3,5-dimethylstyrene, 3-methyl-5-ethylstyrene, 
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p-teit-butyfstyrene and p-sec butylstyrene; bisalkenyh 
benzenes such as divinylbenzene; and alkenylnaphtha- 
lene such as 1 -vinyinaphthalene; and polar monomers 
including a, p -unsaturated carboxylic acids such as 
acrylic acid, methaoryllc acid, fumaric acid, maleic an- s 
hydride, ilaconic acid, itaconic anhydride and bfcyclo 
(2,2,1 )-5-heptene-2,3-dicartaoxylic acid; said a,p-un- 
saturated carboxylic acid metal salts of metals such as 
sodium, potassium, lithium, zinc, magnesium and calci- 
um; a,p-unseturaied carboxylic acid esters such as me- io 
thyl actyiate, ethyl acrylate, n-propyi acrylate, isopropyl 
acryjate, tort-butyl aci^ate, 2-ethylhexyl acrylate, me- 
thyl methacrylatB, athyi methacrylate, n-propv^ methacr- 
ylste, isopropyl methacrylate, n-butyl methacrylate and 
isobutyl methacrylate; unsaturated dlcaiboxylic acids is 
such as maleic acid and itaconic acid; vinyl esters such 
as vinyl acetate, vinyl propionate, vinyl caproate, vinyl 
caprate, vinyl iaurate, vinyl stearate and vinyl trifluoro- 
acetate; unsaturated carboxylic acid glycidyl esters 
such as glycidyl acrylate, glycidyl methacrylate and mo- so 
no-glycidyl itaconate. 

[01 98] The above-mentioned monomer may be used 
each alone or in combination thereof. Examples of the 
combination are ethylene-propylene, ethyl ene- 
1-butene, eUiylene-l-hexene, ethylene-1 -octene and 25 
propylene-1-butene. 

[0199] The catalyst for addition poiymerization ob- 
tained according to the process in accordance with the 
present invention is particulariy suitable as a catalyst for 
olefin polymerization. As the addition polymer obtained 3o 
according to the process in accordance with the present 
invention, a copolymer of ethylene and an o-olefin is 
partlculEtfly praferred. Of these, such a copolymer hav- 
ing a polyethylene crystal structure is particularly pref- 
erable. Preferable examples of said o-olefin are a-ole- ss 
fins having 3 to 8 carbon atoms such as 1 -butene, 1 -hex- 
ene and 1 -octene. 

Examples 

[0200] The present invention is explained In moie de- 
tail with reference to Examples and Comparative Exam- 
ples as follows, but the present invention is not Hmlted 
thereto. 

[0201] The measurements values appeared In these 
Examples were obtained in the following manner. 

1. Content of a-olef in unit 

A content of an a-olefin unit in the copolymer 
was measured by a method comprising the steps of: 

(1) measuring each intensity of the character- 
istic absorption concerning the ethylene unit 
and a-olefin unit in the copolymer using an In- 
frared spectrophotometer, a tracfe name of 
FT-IR 7300, manufactured by JASCO Corpo- 
ration, 

(2) finding a content of a-olefin unit from the in- 



tensity using a calibration curve, and 
(3) expressing the content of a-olefin unit in 
terms of a short chain branch number (SCB) 
per 1000 carbon atoms. 

2. intrinsic vtecosity ([ti]) (dl/g) 

Using a tetr^ln solution, it was measured at 
135°C using an Ubbellohde viscometer. 

3. Melt flow rate (MFFi) (g/1 0 min) 

According to a method prescribed in JIS 
K7210-ie9S, it was measured at lOO'C under a 
load of 21.18 N (2.16 kg). As a sample, a polymer 
containing 1000 ppm of an antioxidant was used. 

4. Swell ratio (SR) 

It was found by dividing the strand diameter ob- 
tained in the above-mentioned MFR measurement 
by an Inner diameter of a die (2.095 mm). 

5. IWeltflow rate ratio (MFRR) 

According to a method prescribed In JIS 
K7210-1995, it was found fay dividing a melt flow 
rate measured at ISO'C under a load of 211.82 N 
(21.60 kg) by a melt flow rate measured at 190»C 
under a load of 21.1B N (2,16 kg). The larger the 
MFRR value, the more preferable the flowability at 
the time of melting. As a sample, a polymer contain- 
ing 1000 ppm of an antioxidant was used. 

6. Molecular weight and molecular weight distribu- 
tion 

It was measured by gel pemrieation chromatog- 
raphy (GPC) under the following conditions. A cal- 
bration curve was prepared using a standard poly- 
styrene. The moiacuiar weight distribution was 
evaluated in terms of a ratio of Mw/Mn, wherein Mw 
is a weight average molecular wei£^, and Mn is a 
number average mc^ecuieu' weight. 



Kind of machine: GPC, Type 150C, manufac- 
tured by MDipore Waters Co. 

Column: a trade name of TSK-GEL GMH6-HT, 
three interconnected columns, each column having 
an Inner diameter of 7.5 mm and a length of 300 
■« mm. 

Measurement temperature: 140°C 
Solvent: o-dichlorobenzene 
Measurement concenfiiatjon: 5 mg / 5 ml 

so 

7. Elementary analysis 

With respect to Zn, it was measured byameth- 
od comprising the steps of; 

(1 ) adding a sample to a sulfuric acid aqueous 
solution having a concentration of 1 M, 

(2) applymg an uttrasonic wave thereto , thereby 
extracting a metal component, and 
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(3) quantrtaiiveiy analyzing the liquid exfracted 
according to tCP emission spectrochemicai 

analysis. 

Wltti respect to F, it was measured by a method 
comprising the steps of: 

(1) burning a sample in a flask filled with oxy- 
gen, 

(2) alssorblng the resulting combustion gas in a 
10% sodium hydro»de aqueous solution, and 

(3) quaniatatively analyzlr*g the resulting solu- 
tion according to ion selective electrode meth- 
od. 

8. Melt tension (MT) (g) 

It was measured In a manner such that using a 
melt tension tester manufactured by Toyo Seiki Sei- 
sakusyo, Ltd., a melted resin (ISO'C) was extruded 
from an orifbe having a diameter of 2.09 mm^ and 
a length of 8 mm usinga piston of a descent speed 
of 5.5 mm/min , and the extrudate is wound up at an 
ascent speed within a range of from 1 0 to 40 rpm/ 
min. The larger the MT value, the higher the melt 
tension, 

Example 1 

(1 ) Production of solid product 

[0202] In a 5 liter-volume four nect<ed flask purged 
with nitrogen, 2 liters of tetnahydrofuran and 1 .35 liters 
(2.7 mol) of a hexane solution (concentratton = 2M) of 
diethylzlnc were introduced and the mixture was cooied 
to -50"C. A solution obtained by dissolving 251 ^ g (1 .37 
mol) of praitafiuorophenol in 390 ml of tetrahydrofuran 
was dropped thereto over 25 minutes. After completion 
of dropping, the temperature was gradually raised to 
ambient temperature, and stirring was continued for 3 
hours. Thereafter, the temperature is raised to 45«C, 
and stirring was continued for 1 hour. Suocessively, the 
temperature was loweredto20''Cusir^an icebath.and 
37.72 g (2.09 mol) of ion exchanged water was dropped 
thereto over 1.4 hours. Thereby, tiie reaction mixture 
was separated into a yellow transparent liquid product 
and a yellow gei like product. After completion of drop- 
ping, the reaction mixture was stin-ed for 2 hours, and 
then heated to 40°C, and thereafter further stin-ed for 1 
hour. At ambient temperature, the reaction mixture was 
allowed to stand over night, and thereafter, 72% by 
weight of the yellow transparent liquid product and a to- 
tal of the yellow gel like product were separately trans- 
ferred to different flasks purged with nitrogen, respec- 
tively. From respective products, volatile matters were 
removed by distillation, and respective residues were 
dried at 120'>C for 8 hours under reduced pfessure. 
Thereafter, asolid product caused from the yellow trans- 
parent liquid product was dissolved in 3 liters of tetrahy- 



droRiran, and the resulting solution was transfen-ed to a 
5 liter-volume flask, in which a solid product caused from 
the yellow gel like product had been introduced. The 
mbcture was allowed to stand at ambient temperature 
s for 69 hours, and thereafter dried at 120°C under re- 
duced pressure for 8 liours. As a result, 374 g of a solid 
product was obtained, 

(2) Production of particle (D) 

10 

[0203] In a 5 liter-volume four necked flask purged 
with nitrogen, 374 g of the solid product obtained In the 
above-mentioned Example 1 (1) and 3 liters of tetrahy- 
drofuran were Introduced and stirred. 282 Grams of sil- 

is fca obtained by heat-treating siiba (average particle di- 
ameter = 61 Jim, pore volume = 1 ,61 mUg, specifk: sur- 
face area = 286 rrt^/g), a trade name of SYLOPOL 948, 
manufactured by Davison Co., Ltd., at SOO-C under ni- 
trogen stream was added ttiereto. The resulting mixture 

^ was heated to 40°C and stirred for 2 hours. Thereafter, 
tne solid component was allowed to precipitate, and the 
upper slurry portion was taken away. A washing opera- 
tion was carried out in a nuanner such that 3 liters of 
tetrahydrofuran was added thereto, the mixture was 

2S stinred, tliereafter the solid component was alkwved to 
precipitate, and the upperslun^ portion was taken away. 
Said washing operation was repeated 5 times. Using a 
glass fitter, a liquid conr^nent was taken away, and 
thereafterthe remaining cwnponent was dried under re- 

30 duced pressure at 1 20"'C for 8 hours, thereby obtaining 
452 g of a particle (D). 

(3) Polymerteation 

35 [0204] A3 iiter-lnnervolume autoclave equipped with 
a stirrer was dried under reduced pressure, thereafter 
purged with argon, md then made vacuum. Hydrogen 
was Introduced thereto so as to make its partial pressure 
0.001 MPa. Suooesalvely, 680 g of butane and 70 g of 

« 1-butene were fed therein, and the temperature was 
raised to 70'C. Thereafter, ethylene was introduced 
thereto so as to make its partial pressure 1 .6 MPa. and 
the system was made steady. As a result of gas chro- 
matography, the gas composition In the system was 

^ found to have 0.06 mol% of hydrogen and 3.22 mol% of 
1-butene. 

[0205] To the system, 0.9 ml of a heptane solution 
(concentration = 1 mmolAnQ of triisobutyiedumlnum was 
added. Next, 0.20 mi of a toluene solution (oonoentra- 
so tion = 1 \i mol/ml) of racemk; ethylenebls(1 -indenyl)haf- 
nlum dichloride, and 0.60 ml of a toluene solution (con- 
centration = 2 ji mol/ml) of bls(n-butylcyclopentadleny!) 
zirconium dichloride were added thereto. Successively, 
14.6 mg of the particle (D) obtained in the above-men- 
tioned Example 1 (2) was added thereto as a solid cat- 
alyst component. Polymerizatkan was can-led out at 
7O''CfDr60 minutes, whilefeeding ethylenegas to make 
tile whole pressure const^. 
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[0206] As a result, 38 g of an olefin polymer having 
good particle property was obtained. A polymerization 
activity per aR the transKon metal atom was found to be 
2.7 X 107 g/moi-transitlon metal atom/hour, and a po- 
lymertzallon activity per solid catalyst component was s 
found to be 2600 g/g-solid catalyst component/hour. 
The SCB, MFR, MFRR, [ii ] and iVIT of the olefin poly- 
mer were found to be 13.7, 1.15, 21, 1.49 and 19.5, re- 
spectively. 

Example 2 



(1) Polymerization 

[0207] A procedure similar to that of Example 1 (3) is 
was earned out, except that a partial pressure of hydro- 
gen was changed to 0.002 MPa. As a result, the gas 
composition in the system was found to have 0.08 mo(% 
of hydrogen and 3.97 mol% of 1-butene. 
[02081 Further, a procedure simitarto that of Example so 
1(3) was carried out, except that amounts of a toluene 
solution (concentration = 1 p. mol/mi) of racemic ethyl- 
enebis(1-indenyl)hafnium dichioride, a toluene solution 
(concentration = 2\i moi/ml) of bis(n-butylcyclopentadi- 
enyl)2irconium dichioride and the particle (D) were 2s 
changed to 0.1 0 ml, 0,40 ml and 13.2 mg, respectively. 
[0209] As a result, 33 g of an olefin polymer having 
good particle property was obtained. A polymerization 
activity par aU the transition metal atom was found to be 
3.7 X 107 g/nrol-tranBltion metaJ atom/hour, and a po- 30 
lymerization activity per solid catalyst component was 
found to be 2500 gifg-solid catalyst oomponent/hour. 
The SCB, MFR, MFRR. Mw, Mw/Mn, [ii] and MT of the 
olefin polymer were found to be 13.9, 8.41, 19, 5.86 x 
104. 1.85, 1. 15.and 3.9, rBspectweiy. 



Reference Example 1 

(1) Polymerization 

[0210] A procedure similar to that of Example 1 (3) 
was carried out, except that a partial pressure of hydro- 
gen was changed to 0.012 MPa. As a result, the gas 
composition in the system was found to have 0.66 mol% 
of hydrogen and 2.23 mol% of 1 -butene. 
[0211] Further, a procedure similarto that of Example 
1 (3) was carried out. exceptthat a combination of 0.20 
ml of a toluene solution (concentration = 1 ji moi/ml) of 
raceme ethyienebis(lHndenyl)hafnium dichioride and 
0.60 ml of a toluene solution (concentration = 2 n mol/ 
ml) of bis(n-butylcyclopantadienyI)zirconium dichioride 
was changed to 0.25 ml of a toluene solution (concen- 
tration = 2 p. moi/ml) of racemic ethylenebis(1-indenyO 
zirconium dichioride; the amount of the particie (D) was 
changed to 15.0 mg; and ethylene gas was changed to 
an ethylene-hydrogen mixed gas containing 0.31 mol% 
of hydrogen. 

[0212] As a result, 68 g of an olefin polymer having 



good particle property was obtained. A polymerization 
activity per alt the zirconium atom was found to be 1 .4 
X 108 g/mol-Zr/hour, and a polymerization activity per 
solid catalyst component was found to be 4500 g/g-solid 
catalyst componenVhour. The SCB, MFR, MFRR, SR, 
Mw, Mw/Mn, [ti] and MTof the olefin polymer werefound 
ID be 13.7, 1.53, 48, 1.29, 1 .03 x 10^, 4.00, 1 .35 and 
3.4, respectively. 

Reference Example 2 

(1) Polymerization 

[02131] A procedure similar to that of Reference Ex- 
ample 1 (1 ) was carried out, except that a pardal pres- 
sure of hydrogen was changed to 0.020 MPa. As a re- 
sult, the gas composition in the system was found to 
have 1.00 mol% of hydrogen and 2.11 mol% of 
1 -butene. 

[0214] Further, a procedure similar to that of Refer- 
ence Example 1 (1) was carried out, except that the 
amount of the particle (□) was changed to 15.4 mg. 
[0215] As a result, 50 g of an olefin polymer having 
good particle property was obtained. A polymerization 
activity per all the zirconium atom was found to be 1 .0 
x 10^ g/mol-Zr/hour, and a polymerization activity per 
solid catalyst component was found to be 3300 g/g-solid 
catalyst component/hour. The SCB, MFR, MFRR, SR, 
Mw, Mw/Mn, [11] and MTof the olefin polymer werefound 
to be 13.1. 4.06, 42, 1.38, 8.05 X 10* 4.24, 1 .14 and 
2.0, respectively. 

Example 3 

(1) Polymerization 



[0216] A procedure similar to that of Example 1 (3) 
was canted out. As a result, the gas composition in the 
system was found to have O.OS mol% of hydrogen and 
3.14 mol% of 1-butene. 

[0217] To the system, 0.9 ml of a heptane solution 
(concentration = 1 mmol/ml) of trtlsobutylaluminum was 
added. Next, 7.9 ml of a toluene solution containing 
three tcinds of the transition metal compound - (concen- 

'fs tration of racemic ethylenebis(1 -indenyl)hafn ium dichio- 
ride = 0.84 p. moVml concentration of racemic ettiyl- 
enebis(1-indenyl)zirconium dichioride = 0.06 ii mol/ml, 
and concentration of bis(n-butylcyclop6ntadienyl)2lrco- 
nium dichioride = 0.25 >i. mol/mi) was added thereto. 

so Successively, 9.4 mg of the particle (D) obtained in the 
above-mentioned Example 1 (2) was added thereto as 
a solid catalyst component. Polymerization was carried 
out at 70"'C for 60 minutes, while feeding an ethylene- 
hydrogen mixed gas containing 0.10 mol% of hydrogen 

55 to medce the whole pressure constant. 

[02185 As a result, 69 g of an olefin polymer having 
good particie property was obtained. A polymerization 
activity per all the transition metal atom was found to be 
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6.5 X 106 g/mol-transition metal atom/hour, and a po- 
lymerization activity per solid catalyst component was 
found to be 6300 g/g-solid catalyst con^nent/hour. 
TheSCB, MFR, MFRR, SR and MTof the olefin polymer 
were found to be 1 4.2, 1 .56, 49, 2.2B and 1 8.0, respec- s 
lively. 

Example 4 

(1) Polymerization io 

[0219] A procedure similar t&rthat of Example 3 (1) 
was carried out, except that a partial pressure of hydro- 
gen was changed to 0.007 MPa. As a result, the gas 
composition in ^e system was found to have 0.26 mol% is 

of hydrogen and 3,37 mol% of 1-butene. 
[0220] Further, a procedure similar to that of Example 
3 (1) was carried out, except that the amount of the par- 
ticle (D) was changed to 1 0.2 mg, and the hydrogen con- 
centration in the feeding ethylene-hydrogen mixed gas 20 
was changed to 0.24 mol%. 

[0221] As a resuit, 47 g of an olefin polymer having 
good particle property was obtained. A polymerizalion 
activity per all the transition metal atom was found to be 
5.2 X 1 06 g/mol-transltion metal atom/hour, and a po- ss 
lymerization activity per solid catalyst component was 
found to be 4600 g/g-soiid catalyst component/hour. 
The SCB , M FR , M FR R, SR and MT of the olefin polymer 
were found to be 14.6, 3.25, 47, 2.09 and 7.1, respec^ 
tively. 30 



Claims 

1. A catalyst component for addition polymerization ss 
comprising: 

(1) a transition metal compound having (a) two 
cyclopentadiene type anion skeieton-cajtylng 
groups, which are linited with eadi otherdireet- 40 
ly or through a bridging group, and (b) a haftii- 
um atom as its central metal, and 
(ii) a transition metal compound having (a) two 
substituted cyclopentadiene type anion skele- 
ton-carrying groups, which are not linlced with 
each other, and (b) a zirconium atom or a tita- 
nium atom as its central atom. 

2. A process for producing a catalyst for addition po- 
lymerization, which conprises the step of contact- so 
ing the catalyst component for addition polymeriza- 
tion according to Claim 1 with a co-catalyst compo- 
nent for activation with each other. 

3. A process for producing an addition polymer, whtoh ss 
comprises the step of polymerizing a monomer in 

the presence of the catalyst for addition poiymerf- 
zation obtained by the process according to Claim 



2. 

4. The process for producing an addition polymer ac- 
cording to Claim 3, wherein ttie monomer compris- 
es an otefin. 

5. The process for producing an addition polymer ac- 
cording to Claim 3, wherein the monomer compris- 
es a combination of ethylene and an a-olefln. 

6. A catalyst component for addition polymerization 
comprising: 

(i) a transition metal compound having (a) two 
cyclopentadiene type anion skeleton-carrying 
groups, which are linked with each other direct- 
ly or through a bridging group, and (b) a hafni- 
um atom as its central metal, 

(ii) a transition metal compound having (a) two 
substituted cyclopentadiene type anion skele- 
ton-carrying groups, which are not linked with 
each other, and (b) a zirconium atom or a tita- 
nium atom as its central atom, and 

(iii) a transition metal compound having (a) two 
cyclopentadiene t^e anion skeleton-carrying 
groups, which are linked with each other direct- 
ly or through a bridging group, and (b) a zirco- 
nium atom oratitanlum atom as its central met- 
al. 

7. A process for producing a catalyst for addition po- 
lymerization, which comprises the step of contact- 
ing tiie catalyst component for addition polymeriza- 
tion according to aalm 6 and a co-catalyst compo- 
nent for activation with each other. 

8. A process for producing an addition polynrter, which 
comprises the step of polymerizing a monomer in 
tiie presence of the catalyst for addition polymeri- 
zation obtained by tiie process according to Claim 



9. The process for producing an addition polymer ac- 
cording to Claim 8, wherein the monomer compris- 
es an olefin. 

1 0. The process for producing an addition polymer ac- 
cording to Claim 8, wherein the monomer compris- 
es a eombinatton of ethylene and an a-olef in. 



